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Abstract. Recently, tsunami-like sea-level oscillations oc-
curred in a region of the west coast of Korea (i.e. in the east-
ern part of the Yellow Sea), during a typical rough spring
weather episode on 4 May 2008. The analysis of these
tsunami-like abnormal waves focuses solely on the videos
recorded by a CCTV surveillance system in the directions of
the entrance and inside parts of a local coastal pocket beach.
Time-series of the vertical and horizontal sea surface oscilla-
tions were extracted from the video recordings through cali-
brating image distortions, accumulating 1-D intensity arrays
along the line transects of interest in time, and identifying the
trajectories of the oscillations. Frequency and time-domain
analysis of the time-series signals revealed that the maxi-
mum height of the tsunami-like waves reached 1.3 m, hav-
ing a dominant period of 185 s (3.1 min). In addition, the
results indicate that the celerity of the maximum height wave
approximated 7.3 m/s, which lead to the losses of life of sev-
eral people who could not escape immediately from the fast
tsunami flooding the shore.

1 Introduction

Extremely large and long waves, commonly known as
tsunami, can be generated by a variety of geo-mechanical
sources, such as earthquakes, submarine landslides, aster-
oid impacts, and atmospheric disturbances (Monserrat et al.,
2006). As these waves with a typical period range of min-
utes to hours approach the coast, they may result in se-
vere flooding of coastal residences and destructive damage
to coastal structures. It is worth noting that many of the or-
dinary tsunami events tend to be observed in the vulnera-
ble coasts over a large spatial scale (greater than 10 km), or
over a transoceanic coverage. In contrast, atmospherically-
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generated tsunami waves have been typically observed in
specific harbors, bays and inlets around the world (Hibiya
and Kajiura, 1982; Wang et al., 1987; Rabinovich, 1993;
Papadopoulos, 1993; Dragani et al., 2002; Gorging, 2005;
among others).

Meteorological tsunami waves are reported to occur as ab-
normally strong sea level oscillations in those coastal pocket
areas where resonant open-ocean incoming waves are cou-
pled with traveling atmospheric disturbance that have fre-
quency bands similar to ordinary tsunami waves (Vilibic and
Paklar, 2006). Strong sea level oscillations are increasingly
excited by the preferred shape and geometry of a coastal
basin. Atmospheric gravity perturbations can be caused by
various atmospheric processes: atmospheric gravity waves,
pressure jumps, frontal passages, squalls, storms, and, in ex-
treme cases, dynamic instability provoked by wind shear in
the lower atmospheric layer (Monserrat and Thorpe, 1992).

Recently, a possible example of meteorological tsunami
waves occurred in a local pocket beach of the west coast of
Korea (i.e. in the eastern part of the Yellow Sea, as shown
in Fig. 1), amid a typical spring weather episode, on 4 May
2008. The abnormal large sea level oscillations, as reported
by on-site eyewitnesses, lasted for tens of minutes, and the
tsunami-like largest amplitude waves during the abnormal
oscillations washed 36 people back into the ocean who were
staying near the breakwater constructions along the pocket-
shaped coast. The locally disastrous wave event was not as-
sociated with any earthquake nor considerable storm activity
was reported in the Yellow Sea. Considering atmospheric
instabilities revealed from the meteorological data collected
on the event day (Oh et al., 2008), it is accepted that the
large oscillations were induced by the passing of an abrupt air
pressure jump over the pocket beach region (Fig. 2a). Previ-
ously, other similar cases of abnormally large and long waves
were documented as occasional occurrences in regions on the
west coast of Korea, in particular, under more or less average
rough spring weather conditions (Choi et al., 2008).
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948 J. Yoo et al.: Optical observation of abnormal long waves

Fig. 1. (a)Location of the abnormal large and long waves observed on the west coast of Korea (i.e. Jukdo coastal pocket beach) on 4 May
2008 with marks of Tidal Stations (square) and Automated Weather Station (AWS) (plus),(b) and with indication of severely damaged areas
and losses of life.

Fig. 2. (a)Variation of air pressure measured at the Boryeong AWS
(Fig. 1) located close to Jukdo,(b) tidal level record and prediction
at the Boryeong port located 15 km north of the Jukdo pocket beach,
and(c) difference between the observed and predicted tide data.

However, a lack of reliable field measurement data is the
key factor that limits a deeper understanding of meteorolog-
ical contribution as one of the geo-mechanical sources to the
generation of abnormal sea level oscillations. Even though a
couple of tidal gauges were deployed near the pocket beach
region, their records did not present any fully reasonable
explanation of the disastrous tsunami-like wave event that

took place at the entrance and inside the bay of the pocket
beach (hereafter, referred to as Jukdo pocket beach or Jukdo
bay). Fortunately, a CCTV surveillance system operated by
a seafood restaurant at the entrance part of the pocket beach
recorded the extreme sea level oscillations inside the Jukdo
bay as well as the incoming open-ocean waves during the
abnormal wave episode. Thus, it is expected that quantita-
tive estimations of the tsunami-like sea surface oscillations
from the CCTV video data will support a better understand-
ing of the generation mechanism of the abnormal event initi-
ated supposedly by the observed atmospheric disturbance.

This paper therefore will focus solely on estimating the
characteristics of the tsunami-like abnormal waves using the
video recordings through image calibration, processing and
image analysis. Furthermore, frequency domain-based em-
pirical tools such as stationary spectral and non-stationary
wavelet analysis methods will be applied to the time-series
of the video-derived sea-level signals to quantify the oscilla-
tions of the abnormal waves.

2 Field surveys and video data

Post-tsunami field surveys were conducted to collect physi-
cally meaningful landmarks and leftover tsunami-related fea-
tures (Woo et al., 2008; among others), and to gain detailed
descriptions of coastal damages and losses of human life
around the Jukdo pocket beach (Oh et al., 2008). Accord-
ing to survey reports, severe damages and losses resulted in

Nat. Hazards Earth Syst. Sci., 10, 947–956, 2010 www.nat-hazards-earth-syst-sci.net/10/947/2010/



J. Yoo et al.: Optical observation of abnormal long waves 949

Fig. 3. (a) Location of a CCTV surveillance system deployed at the southern end of the Jukdo semi-island with three cameras facing
different directions respectively. The dotted line is a path to measure a waterway distance for waves propagating between two different
points (symbolized with triangles in b and d) defined in the first and third view sectors.(b), (c), and(d) Instantaneous snapshots from each
video.

the two heads running out seaward as indicated with open cir-
cle marks in Fig. 1b. This coastal segment is separated into
two sub-basins by the Jukdo semi-island in the middle of the
coast. In total the two sub-basins have a width of approxi-
mately 5 km and a depth of approximately 4 m on average. It
was stated by on-site eye-witnesses that the northern entrance
part of each of the two sub-basins were severely inundated,
resulting in catastrophic life losses of people fishing at the
coastal line on the breakwater structures.

The field surveys could not find sound physical evidence
for the tsunami-like wave heights which inundated the dam-
aged area, due to the absence of reliable instrumental ob-
servations taken in the area. On the other hand, the tidal
records sampled at every minute in the open-ocean and other
nearby coastal locations (symbolized with closed squares in
Fig. 1a) did not show the sea level oscillations amplified large
enough to explain the vertical inundation scale around the
Jukdo pocket beach. For instance, the Boryeong tidal station,
located 15 km north of the Jukdo pocket beach, reported that
the maximum height was about 0.3 m during the abnormal
wave event (Fig. 2b and c).

However, the surveillance videos provided by the seafood
restaurant clearly captured the tsunami-like strong oscilla-
tions as a physical eyewitness record, replaying the time se-
quence of the abnormal wave generation around the Jukdo
pocket beach. Three CCTV cameras were positioned on
the roof of the restaurant about 11 m above the Mean Water

Level (MWL), and about 15 m landward of the MWL con-
tour. The three cameras collected video data at 1 Hz with
sampling synchronization, obliquely observing the sea sur-
face movements in three different directions (Fig. 3). The
time in the CCTV system was found to run late two min-
utes and 45 s, compared to local Korean standard time. The
first camera, named CCTV-1, faced the incoming open-ocean
from the entrance of the pocket beach at the southern end of
the Jukdo semi-island, while the second and third cameras
were directed toward the inner part of the bay.

Large parts of the video images captured by the first
and third cameras cover the sea surface with fixed objects
and features in the landward background, which are use-
ful enough for the tsunami-like wave analysis. In contrast,
the second video images contain only a small portion of the
ocean surface in the rear part of the view, which makes it
difficult to gain proper physical resolutions for the tsunami
analysis. Therefore, only the video data collections from the
first and third camera views were used to extract quantitative
characteristics of the tsunami-like waves in this paper.

From each of the first and third video recordings, a video
image time-series burst with a 59-min time-span was se-
lected to include the abnormal sea-level oscillations of inter-
est. Correspondingly, 3540-time-sequential images per burst
having an 8-bit grayscale intensity depth were processed and
analyzed. Table 1 summarizes the two video image bursts
selected. Prior to the physical estimation of the oscillations
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Fig. 4. (a) A rock column (shown in dotted rectangle) sticking out of the sea surface to quantify the vertical tsunami oscillations at the
entrance of the Jukdo pocket beach,(b) scaling the lock height in image frame using the field measurement,(c) image timestack generated
along the vertical 3 m high transect in (a) from the first video data burst,(d) time-series of sea-level variations extracted from the image
timestack in (c) by means of the Canny edge detection method.

Table 1. Summary of the two video data bursts used in this paper.

Parameters CCTV-1 CCTV-3

Date (UTC) 4 May 2008
Start time (UTC) 03:03:46 (hh:mm:ss) a.m.
Duration (min) 59
Sampling rate (Hz) 1
Sector of view Seaside of the Inner side of the

pocket beach pocket beach bay

from the video data, the calibration of the view sector of in-
terest in the image frame was of critical importance to quan-
titatively extract the tsunami-like wave-related sequential in-
formation.

The photogrammetric transformation from image frame to
real world coordinates requires the input of both the 2-D
image coordinates and the 3-D world coordinates of visu-
ally discernable ground control points. A post-survey team
from the Korea Ocean Research and Development Institute
revisited the location of the video recordings to measure the
ground control points from suitable fixed objects in the front
parts of the two view sectors using a total station system.

Herein, the transformation from the video frame coordinates
to real world coordinates was conducted using a direct linear
transformation method (Holland et al., 1997). The accord-
ingly rectified video images were re-sampled to have a regu-
lar pixel matrix and a pixel resolution of 0.1 m/pixel avoiding
artifacts introduced during the image rectification process.

3 Extraction of tsunami-related wave information

3.1 Coastal pocket-mouth sea level time-series

Information of the vertical sea level oscillations can be ob-
tained from typical monoscopic field video data, when a
known physical scale is given to stick out of the oscillating
sea surface within the video image frame (Suhayda and Pet-
tigrew, 1977). Fortunately, the CCTV-1 video image frame
contains a column-shaped steady rock sticking out of the ver-
tically oscillating ocean, as shown in Fig. 4a. Thus, the verti-
cal size of this rock was used to determine the physical scale
of the sea level oscillations captured in the image domain.

The real height of the rock was measured during the revisit
field survey of the ground control points (Fig. 4b). Thereby
a vertically sticking 3 m high transect along the rock length
could be defined with real length scale in the image frame
corrected for the camera lens distortion in order to observe
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sea-level oscillations (Fig. 4a). The consequent physical res-
olution per vertical pixel turned out to be 0.075 m/pixel.

A 1-D image intensity array corresponding to the vertical
transect was collected sequentially image-by-image from the
CCTV-1 video data burst, yielding an image timestack which
was consequently characterized by a 2-D physical plane (t ,
z), wheret and z are the time and vertical coordinates re-
spectively (Fig. 4c). The image timestack shows the appar-
ent signature of the sea surface oscillations over the event
time-span of interest. The trajectory of the vertical oscilla-
tions in time-series was identified by means of the Canny
edge detection method (Canny, 1986), which was applied by
running a 21×21 Gaussian filter (Height×Width in pixel) in
the image timestack (40×3540 pixels in the corresponding
pixel scale). The trajectory identification by the edge detec-
tion method was empirically defined with two thresholds, i.e.
0.04 and 0.1, typically required to consistently form contin-
uous strong edges using image intensity gradients computed
by the Gaussian filter. The resulting edge curve is presented
in Fig. 4d, which will be used to determine the heights and
periods of the tsunami-like oscillations.

3.2 Inside-bay oscillation time-series

Unlike the first video case, any appropriate solution for ex-
tracting the vertical sea-level oscillations provoked by the
abnormal waves could not be found from the other video
data burst captured in the direction toward the inside of the
bay. Instead, the CCTV-3 video recorded free boats oscil-
lating horizontally on the sea surface. The boats were float-
ing at anchor, and bounced back and forth in the bay within
anchor-chain bounds. The oscillations of the boats are there-
fore somewhat limited in their representation of the horizon-
tal full length of the sea surface oscillations caused by the
tsunami-like waves. For this reason, the horizontally oscillat-
ing motions of the boats are used here to indicate the timing
of sea-level rise and fall in the bay.

Similar to the first video case, the extraction of the inner
oscillation time-series involves defining a pixel array tran-
sect in real scale to generate an image timestack by col-
lecting image intensity time-series along the transect from
the video data burst, and identifying the trajectory of the
horizontal oscillations of a boat in the image timestack. In
this case, a 10 m long line transect for collecting time-series
of a 1-D pixel intensity array is defined in the direction of
the coastal pocket channel in the 2-D horizontal plane recti-
fied with physical scale (Fig. 5a and b). The along-pocket-
channel transect defined on the horizontal sea surface is used
to trace bouncing motions of a boat (Fig. 5b).

Figure 5c shows the image timestack generated by collect-
ing time-series of the 1-D image intensity array correspond-
ing to the along-pocket-channel transect from the CCTV-3
video data burst. This image timestack shows the apparent
continuous trace of the boat bouncing with the horizontal sea
surface oscillations during the episode of interest. The tra-

jectory of the horizontal oscillations in time-series was also
extracted by means of the Canny edge detection method, us-
ing the same sub-window size and input parameter values.
The resulting edge curve is presented in Fig. 5d, which will
be used to gain information on the timing of either landward
or seaward oscillation of the tsunami-like waves.

3.3 Data analysis

From the extracted signal record of the water surface oscil-
lations along the vertical transect, tsunami height and rough
period scale are investigated using a zero crossing-based time
domain analysis. Frequency domain-based spectral analy-
sis is also applied to examine the most dominant frequencies
of the tsunami-like waves. Spectral analysis is carried out
for the sea-level record of the total 3540 data points by us-
ing a moving interrogation window size of 2048 points with
50% overlapping. The resulting spectral estimates have a fre-
quency resolution of 0.000488 Hz and 3.9 degrees of freedom
(Nuttall, 1971). The corresponding lower and upper multipli-
ers for the 95% confidence intervals on spectral peaks are 0.4
and 6.0, respectively (Jenkins and Watts, 1986).

In addition, a wavelet analysis is applied to the non-
stationary oscillation signal to obtain transient wave period
which is defined as a wave period corresponding to the in-
stantaneous peak energy in the wavelet spectrum at each time
point. The wavelet analysis is carried out by using the con-
tinuous Morlet wavelet transform (Morlet et al., 1982) which
is useful for time-series analysis and for capturing oscillatory
behavior (Torrence and Compo, 1998).

Besides the frequency analysis of the abnormal waves, ac-
tual speed of the tsunami propagations is estimated by com-
puting the wave travel time between the point-measurement
pairs provided from the two video data bursts, since synchro-
nization of the video recordings was available during the ab-
normal wave event. Thus, phase speeds of the tsunami waves
are computed by:

c =
1s

1t
(1)

wherec is phase speeds of waves,1s is a distance between
two different locations, and1t is the travel time over the
distance1s. Theoretically, phase speed of extremely long
waves can be derived from shallow-water wave theories (e.g.
linear shallow-water wave celerity is given by the expression
c =

√
gh, whereg is the gravitational acceleration andh is

the mean water depth). However, since the celerity of large
and long shallow-water waves is influenced by both the wave
heightH and the water depthh, the below formula of the
solitary wave celerity theory is used here for a comparison
with the celerity estimates:

c =
√

g(h+H). (2)
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Fig. 5. (a) A boat used to measure horizontal sea-level oscillations in the third video view sector,(b) a image pixel array to track the
horizontal movements of the boat in (a) in time sequence,(c) image timestack generated along the 10m-long transect in (b) from the third
video data burst,(d) time-series of horizontal sea-level oscillations extracted from the image timestack in (c) by means of the Canny edge
detection method.

4 Results and discussion

This paper investigated only a time-interval spanning about
one hour and containing the strongly amplified sea-level os-
cillations, that were noticeably observed in the view sectors
of the video images. The analysis of the video recordings
was therefore focused on the characteristics of the tsunami-
like oscillations analyzable within this time frame. Mainly,
heights, periods, and propagation speeds of the oscillations
were quantitatively extracted from the two video data bursts
recorded in the two different directions of the incoming open-
ocean waves and the inside part of the bay.

4.1 Tsunami height and period

In order to carry out the analysis of the tsunami-like waves
unexpectedly occurred at the local Jukdo pocket beach, the
vertical sea-level oscillation signal derived from the first
video burst was detrended by removing the best straight-line
fit to begin with, as shown in Fig. 6a. It is clearly seen that
the detrended time-series were not stationary, due to the oc-
casional tsunami-like wave incidence to the pocket beach re-
gion.

A time domain-based analysis of the detrended data using
the zero down-crossing method resulted in a trend that the
trough-to-crest height of the sea-level oscillations with wave
periods ranging from 26 to 232 s gradually increased and

slowly decayed after the happening of the maximum coastal
inundation at 2226 s with regard to the start time of the video
burst (Fig. 6a). The consequent average of the abnormal
wave heights is 0.3 m. Interestingly, the largest trough-to-
crest oscillation about 1.3 m high appeared at the entrance of
the pocket beach region after the unusual amplification in-
crease of the oscillations lasted tens of minutes. The largest
sea-level rise from the trough to the crest was almost imme-
diate, within 36 s, compared to other oscillation intervals.

The spectral analysis of the detrended time-series provides
more resolvable frequency and energy information of the
tsunami-like oscillations, as presented in Fig. 6b. The vari-
ance density spectrum in the long wave frequency band (i.e.
less than 0.05 Hz) shows a decay trend with regard to the in-
crease of frequencyf (i.e. expressed in a form off −α where
α is a typically positive constant empirically determined), as
found in earlier seiche-related studies (Veraart, 1994; de Jong
and Battjes, 2004). In line with the decay trend, three main
energy peaks are found at 0.00098, 0.0054, and 0.031 Hz of
which the first two are the most considerable. The significant
height of the oscillations computed from the energy density
spectrum using 4

√
m0, wherem0 is zero moment of the spec-

trum, is about 0.6 m. The wind-driven gravity waves did not
appreciably contribute to the zero-moment-based height of
the tsunami-like long waves, as found in the energy spec-
trum.
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Since the sea-level oscillations are not homogeneous in
time, the three energy peaks distributed in the frequency
domain itself do not allow to describe how the oscillation
frequencies changed during the tsunami-like wave episode.
Instead, the wavelet transform analysis of the time-series
yielded two dimensional spectrum of wave energy in time-
frequency domain (Fig. 6c), showing dominant frequency
variability with regard to time. The spectrum was normalized
with the maximum energy value within the domain. From
Fig. 6c, time-localized three major energy peaks are found.
The first and third energy peaks having a similar wave pe-
riod band ranging 160 to 210 s are found between 1000 and
1800 s, and between 2050 and 3000 s in the time frame, re-
spectively. At the time of the largest sea-level rise observed
within the time-window of the third energy peak, another
shorter wave period less than 1 min is also outstanding. In
contrast, the second peak with a much longer wave period
band ranging from 850 to 1050 s strongly appears between
the time-spans of the first and third peaks. The transient peak
wave frequency bands from the wavelet analysis are consis-
tent with the three dominant frequencies obtained through
the spectral analysis, and even further quantitatively reveal an
evolution pattern of the abnormal ocean oscillations in time.

4.2 Propagation direction and speed

Direction and phase speeds of the tsunami-like waves could
be estimated from the rectified image sequence of the first
video data burst. Time-sequential image snapshots captured
during the largest wave-crest appearance in the view sector of
the first video are presented in Fig. 7. The largest wave sur-
face elevation was characterized by a wave breaking-induced
foam, which resulted in non-discrete image patches. Conse-
quently, it can be seen from the non-discrete image patterns
that the largest wave crest propagated along the shore around
the southern half of the Jukdo semi-island in a counter-
clockwise direction. In addition, Fig. 7c shows that the
largest wave crest characterized by a bright long line band
was incoming from NNW.

The three successive images selected are temporally
spaced with a time intervaldt=3 s, to reduce ambiguity of
the non-discrete image pattern flows. The displacements of
the largest wave crest breaker (ds) per time interval are ap-
proximately 22 m on average, estimated by manual track-
ing of the non-discrete image patterns. Therefore, the phase
speed of the largest wave incoming in the entrance part of
the Jukdo pocket beach was computed asc (=ds/dt) =7.3 m/s
using Eq. (1).

In addition, the overall phase speed of the abnormal waves
was calculated by computing the travel time over a long dis-
tance between the two different locations selected from the
first and third video view sectors. The first one is the stone
column sticking out of the water defined within the first video
sector, and the other one is the boat horizontally oscillating
with the ocean in the third video. Figure 8 provides a com-

Table 2. Tsunami propagation speeds computed by computing the
travel time over a distance between two different locations selected
from the first and third video view sectors. A and A’, B and B’, C
and C’, and D and D’ are time point pairs representing the travel
times of individual tsunami waves (Fig. 8).

Time point A B C D
(998 s) (1318 s) (1463 s) (2226 s)

Time-lagdt (s) 63 (A’-A) 54 (B’-B) 65 (C’-C) 57 (D’-D)
Distanceds(m) 382
Phase speed (m/s) 6.1 7.1 5.9 6.7

parison of the two wave signals extracted at the two locations,
showing time lags of four selected individual wave crests
propagating between them. Table 2 summarizes their overall
phase speeds computed by using Eq. (1). The distance be-
tween the two locations was measured along a possible wave
path determined based on the bottom contours from a high
resolution topographical map, as shown in Fig. 3c. The over-
all phase speed ranges from 5.9 to 7.1 m/s. Considering the
decrease of water depth by about 1 m along the path from the
entrance to the inner part of the pocket beach area, the over-
all speed range is consistent with the phase speed of 7.3 m/s
that was computed within the view sector of the first video.

Based on the celerity of solitary wave theory (Eq. 2), the
inversely computed water depthh and tsunami heightH
were compared to the directly measured height and depth.
The phase speed 7.3 m/s in the entrance part of the bay is in-
verted toh+H=5.4 m using Eq. (2). Since the water depth
at the entrance is about 4 m on average, the tsunami height is
deduced to be 1.4 m which is comparable to the measured
height of 1.3 m. The estimated overall phase speeds also
yields an inverted depth plus height range of 3.5 to 5.1 m,
which is consistent with the decrease of the depth along the
path of wave propagation.

Many losses of life were caused by the largest trough-to-
crest height of the tsunami-like oscillations in the entrance
part of the basin, in which the height and propagation speed
were found to be about 1.3 m and 7.3 m/s, respectively. The
abrupt sea-level rise from the temporal mean sea level to the
largest crest occurred within about 18 s, computed from the
sea-level time-series in Fig. 6a. These facts illustrate that
people focusing on fishing on a nearby shore could not sur-
vive the disastrous waves unless they escaped immediately
at a pace much faster than the wave speed of 7.3 m/s within
such a short term interval.

4.3 Sources of measurement errors

The tsunami-like ocean surface oscillations were quantified
from the time-series of the CCTV images physically cali-
brated using the geometric field survey data. Possible error
sources in measuring the abnormal large waves are: 1) er-
rors in the field survey, and 2) errors in calibrating the image
frame into the real physical scales.
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Fig. 6. (a)the detrended time-series of the vertical sea-level oscillations in Fig. 4d and trough-to-crest height of the tsunami-like waves com-
puted through the zero up-crossing method,(b) energy spectrum of the detrended time-series in (a),(c) wavelet energy spectrum normalized
by the maximum energy value.

Fig. 7. Sequential images of the largest abnormal wave propagating the coastal pocket mouth area during the tsunami episode. (Left panel)
three successive images with a time interval of 3 s, and (right panel) their rectified images.

Errors in surveying the field geometry might be caused by
human handling of the total station system and accuracy of
the instrument as well. However, the human error source is to
be considered minimal as much as the round-off error of the

measuring scale by the instrument, since the survey scientists
were educated and trained well enough to survey the field ge-
ometry within the error range the manufacturer documented.
The round-off errors by the rod and station system were up
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Fig. 8. Comparison of the two sea-level oscillation time-series ex-
tracted from the first and third video data bursts, respectively. A and
A’, B and B’, C and C’, and D and D’ are time point pairs show-
ing the time-lags of individual tsunami waves travelling between the
two video view sectors.

to 0.005 m in the vertical over the surveyed distance of about
100 m, thereby being negligible compared to the measured
sea surface oscillations that are in the order of 1 m.

One of the image calibration processes involved here was
to physically scale the sea surface oscillations along a 1-D
pixel array in the image frame corresponding to the vertical
transect defined along the rock column sticking out of the
ocean surface. The 1-D pixel array (40 pixel long and free
from lens distortion) was linearly matched with the vertical
transect of 3 m, resulting in the physical resolution per pixel
being equal to 0.075 m/pixel. During this image calibration,
manual selections of two different identifiable image pixels
(i.e. the top of the rock and the bottom of the rock) along
the vertical transect were required to register the collected
pixels as the physical references. Repeated tests for the ma-
nual selections in the image frame revealed that the maxi-
mum deviation from the average of the selected pixels was
two pixels. Two-pixel deviations at each of the two reference
points, in the worst case, can introduce a measurement error
up to about 10% systematically by this image calibration.

Another image calibration process was to transform the 2-
D image coordinates to real-world coordinates. Physical dis-
tance errors in the image rectification process were evaluated
using the surveyed ground points and the predicted locations
of them in the rectified image frame, as presented in Table 3.
The physical distance errors computed for the CCTV-1 and
CCTV-3 cases were about 0.16 and 0.10 m, respectively, on
average. Since the rectified images were used to measure
the horizontal sea surface motions in the order of 10 m, the
physical distance errors by the image rectification process are
negligible.

Table 3. Image rectification errors estimated using the surveyed
ground points and the predicted locations of the ground points in the
rectified domain. The physical distance errors at individual points
were averaged.

Case Physical distance error (1l)

# of surveyed 1l

ground points

CCTV-1 11 0.16 m
CCTV-2 19 0.10 m

The investigations above revealed that the error sources
during the field surveys and the image rectification process
are negligible, while the error in physical scaling of the
1-D image array to measure the vertical sea surface oscil-
lations can cause measurement errors up to 10%. This fact
suggests that accumulated measurement errors can be at most
10%.

5 Conclusions

In order to investigate the characteristics of a tsunami-like
wave event that occurred in a local coastal pocket beach of
the west coast of Korea on 4 May 2008, CCTV videos that
captured the episode were processed and analyzed in this pa-
per. Quantitative information of the vertical and horizon-
tal sea surface oscillations were extracted from two video
data bursts sampled at 1 Hz with a time-span of about one
hour: one is for estimating vertical oscillating wave mo-
tions at the entrance of the basin, and the other is for track-
ing the trajectory of the waves with time in the inner part
of the coastal pocket region. The quantification processes
from the two recordings involved calibration of image dis-
tortions, accumulation of the time-series of a 1-D intensity
array along a transect of interest defined in the calibrated im-
age view sector, and identification of the trajectory of the os-
cillations revealed in time along the transect. The analysis of
the extracted wave signals by means of time and frequency
domain-based statistical methods show that the maximum
trough-to-crest height of the abnormal waves reached 1.3 m,
having a dominant period of 185 s (3.1 min). In addition,
computation of wave phase speeds by counting time-lag of
propagation over a known distance revealed that the largest
wave speed was about 7.3 m/s, which caused the deaths of
many victims nearby the shore who could not escape imme-
diately faster than the quick tsunami flooding speed.
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