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Shoreline Change Based on Long Term Wind Statistics in Suyeong Bay
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Abstract ] Shoreline change due to the littoral drift in Suyeong bay, especially the Gwanganri and
Haeundae beaches, was investigated. Average monthly frequency, speed, and direction of winds blo-
wing from between east and south for the last 15 years were analysed, and offshore significant
waves were hindcasted using the JONSWAP model. Wave refractions, shoaling, and breaking were
also investigated for the calculation of littoral drift. At the Gwanganri beach major longshore transport
of sands occurs from the southwest to the northeast and the shoreline seems to advance in the
northcast while it recedes in the southwest. At the Haeundae beach the sands mainly move from
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the cast to the west and the shoreline retreats in the east and advances in the west.
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1. INTRODUCTION

Suyeong Bay, which is located at the southeastern
part of Korean Peninsula, is open to the southeast
and the coastline consists of rocky shore to thc
south and Gwanganri, Suyeong, and Haeundac
beaches to the east (Fig. 1). Along the coastline ex-
cept for the rocky shore, the beaches are protected
by scawalls and breakwater. However, especially at
the Gwanganri and Haeundae beaches, a significant
shoreline change is taking place in spite of the
many coastal structures to protect the beach from
erosion (Kim, 1988; Park and Lee, 1989).

For the construction of a yachting wharf for the
1988 Seoul Olympic Games at the Suyeong beach,
several preliminary oceanographic surveys were co-
nducted in Suyeong Bay (Pusan City, 1983, 1984a,
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1984b; Seoul Olympic Organizing Committee and
Korea Meteorological Service, 1988), and several
numerical studies for the shoreline change also
have been conducted (Pusan City, 1984a; Park and
Lee, 1989; Kim, 1988). However, most of the studies
deal with a numerical modeling based on a short
term field observation or meteorological data. The
studies also ignored the information on overall phy-
siography and sediment distribution of the bay.
For the present study, wind data of the past 15
years from 1975 to 1989 (Korea Metcorological Ser-
vice. 1975~1989) in Pusan area were used to analyz
the frequency distribution of the wind speed and
direction at Suyeong Bay. The frequency distribu-
tion was then used to estimate the monthly varia-
tion of the height and direction of deep sea signifi-
cant waves coming into the bay. Wave refraction,
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shoaling, and breaking have been calculated by
using the overall physiographic information of the
bay. Longshore drift by the longshore currents and
the shoreline change were investigated bascd on the
information on the sediment distribution of the bay
and by numerical calculation. A numerical predic-
tion of the shoreline change at the Gwanganri and
haundae beaches has also been conducted for the
next 25 years.

2. PHYSIOGPAPHY AND SEDIMENTS

The bay is generally flat with a depth of about
10 to 20 m deepening gently southeastward. The
bottom is featureless except for the small islands
near thc Hacundae area (Fig. 1). The coastline can
largely be divided into two parts. The southward
coastline is characterized by a steep slope to the
depth of about 10 to 20 m bordered by rocky mou-
ntains and cliffs. Howcever, the coastline to the east
is composed of sand beaches which have gente
slope with a shallow depth of about 2 to 5 m except
for the Suycong area, where a yachting wharf has
been built for the 1988 Olympic Games (Fig. 1).
The foreshore slope of the Haeundac beach is sli-
ghtly stceper than that of the Gwanganri beach,
and a long scrics of seawall is built along the bea-
ches at the Gwanganri and Haeundae areas.

Sediment input to Suyeong Bay is extremely limi-
ted. Except for the nearshore arca the bay is cove-
red by thin silty sediments with occasional occurre-
nce of rocky outcrops. However, relatively thick fine
sand and silty sand cover the granitic basement at
the nearshore area reaching up to 5 (o 20 m (Pusan
City, 1984b). The sediments off the bay towards the
Korea Strait become coarse and thick again up to
20 to 30 m (A. D. D, 1988).

Most of the bay sediments are fine and poorly
sorted containing less than 10% of sand. Sands only
occur along the shoreline of the Gwanganri and
Hacundae arcas. Sands at the Gwanganri beach are
mostly medium to fine sands. However, coarse sa-
nds containing some gravels occur at about 500 m
from the southwestcrn end of the becach and the
grain size decrcases to fine sand both southwest-
and northeast-wards. Sands at the Haeundae beach

N

Gwanganri ™,

T KOREA

Fig. 1. Locaton and physiography of Suyeong Bay.

are mostly comprised of medium sand without any
local variation. However, the shoreline coincides
with the seawall at the eastern part of the beach,
where very large rocks and pebbles arc found with
no sand (Kang, 1991),

3. WINDS AND WAVES

3.1 Winds

Dircction and specd of the winds in the bay ge-
nerally follow the wind trend in Pusan area (Seoul
Olympic Organizing Committee and Korea Meteo-
rological Service, 1988). The analysis of wind speed
and direction in Pusan area for the past 15 years
shows that the wind from NNE and NE is most
frequent and the wind from SE and SSE is the
rarcst. Otherwisc, the wind direction is gencrally va-
riable with less than 10% of occurrence at each di-
rection (Fig. 2). The monthly avcrage wind speed
‘is generally between 3.5~4.5 m/sec. The wind is
strongest during the spring time and weakest in
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Fig. 2. Frequency distribution of wind dircction in Pusan
area for the 15 years between 1975 and 1989.

June and fall (Fig. 3).

Even though the northeasters are most frequent
in Pusan area, becausc the bay is open to the sou-
theast and the landward side is surrounded by high
mountains, winds blowing from between east and
south may be most affective to the sediment distri-
bution in Suyeong Bay (Pusan City, 1983, 1984a).
Fig. 4 shows the monthly frequency distribution and
the frequency-weighted average dircction of the wi-
nds blown from between cast and south in Pusan
area for the past 15 years. The winds between east
and south are most frequent between spring and
summer when the average wind speed is relatively
low.

3.2 Waves

The monthly average speed and frequency of the
winds between cast and south were used to cstimate
the monthly significant period and height of dcep
sea wave using the JONSWAP wave prediction mo-
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Fig. 3. Monthly average wind speed in Pusan area for
the (5 years between 1975 and 1989,

—

]

<
¥

140+

1304

DIRECTION (DEG)

120

FREQUENCY (%)

0 T T T T T T T 1 T

1 2 3 4 5 6 71 8 9
MONTH

T T
0 11 12

Fig. 4. Monthly frequency distribution and frequency-wei-
ghted average direction of the wind between east
and south in Pusan area for the 15 years between
1975 and 1989.

del (U. S. Army Corp of Enginecrs, 1984; Bishop
and Donelan, 1989). The frequency-weighted ave-
rage direction was used as the direction of incoming
deep sea waves. the calculated monthly significant
wave height was mostly lower than 0.5 m and the
period was about 3 seconds, which implics that the
bay is more or less in calm condition on thc ave-
rage. The actual measurement showed that 88% of
thc waves measured inside the bay for 6 months
was lower than (.5 m coming from.southern direc-
tions (Pusan City, 1984a). The mcasurement by
Scoul Olympic Organizing Cemmittee and Korea
Meteorological Service (1989) also implied that hi-
gher waves (0.6~1 m) with longer periods (5~6
seconds), which were mostly caused by northern
winds, were dominant out of the bay and the lower
waves (lower than 0.5 m) with shorter period (3—4
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Fig. 5. Calculated decp sca significant wave height (H,)
and breaker height (Hy) in Suycong Bay.

seconds) caused by southern winds were most affec-
tive inside the bay.

The change of direction while the deep sea waves
travel into the bay was calculated by the ray tracing
method on x-y coordinate system (Dcan and Dalry-
mple, 1984; Townend and Savell, 1985),

da 1 ( ac ac ) "

as :E ox sma——é;cosa
where s is the travel distance of wave orthogonal,
C is thc wave celerity, and o is the angle between
wave orthogonal and x-axis.

The change of wave height by shoaling was also
calculated by the shoaling formula given by U. S.
Army Corps of Engineers (1984) until the waves
broke ncar the shoreline:

H_ . )

' 2kd )w
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where H is the local wave hcight, H, is thc deep
sea wave height, k is the wave number, and d is
the local depth.

Breaking of the waves was calculated by the sim-
ple relationship which can be used on a mild slo-
ping beach (Komar, 1976):

H,

— =), 3
o =078 3)

where H, is the breaker height, and d, is the depth
of breaker.

Local variation of wave heights by refraction was
neglected to calculate an average condition along
the shoreline. Fig. 5 shows the calculated monthly

average significant deep sea wave and breaker hei-
ghts.

4. LITTORAL DRIFT AND
SHORELINE CHANGE

Breaking of waves ncar the shoreline generates
longshore currents in the surf zone, and the volume
rate of quartz sand transport by the longshore cur-
rents can be calculated by the energy flux factor
(Komar and Inman, 1970; Komar, 1983a, b):

Q0.=68P, 4)

where Q; is the volume rate of quartz sand transport
in m*day, and P, is the energy flux fator in W/m,
which can be expressed as

P=(ECn), SinQ;cosay (5)

where a, is the angle between the breaker crestline
and the shoreling, and (ECn), is energy flux by wa-
ves at the breaker zone, which can be calculated
in shallow water (n=1) by

E=cre H, ©
C=(ed)'” )

Breaker height in Eq. (6) should be the root mean
squarc value, and the volume rate calculated by
Eq. (4) should be divided by 2 if the significant
wave height is used in Eq. (6) (Komar, 1983a, b).

Neglecting the cross-shore transport of sand, sho-
reline change duc to the littoral drift can be calcu-
lated by the change of volume transport rate at a
place along the shorcline (Dcan and Maurmeyer,
1983; Hansen and Kraus, 1991),
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where, x and y are the axes parallel and perpendi-
cular to shoreline, respectively, B is the berm height,
and D, is the depth of closure,

The depth of closure, offshorc limit of the littoral
drift, may change according to the characteristics
of sediment and incident waves (Kraus, 1983). Ho-
wever, it can be approximated as twice the breaker
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height (Hansen and Kraus, 1991).
5. RESULTS AND DISCUSSIONS

Shoreline change for the next 25 years has been
calculated assuming no sediment could enter or es-
cape from the beaches because both the Gwanganri
and Haeundae beaches were protected by breakwa-
ters and seawalls at both ends. For the calculation
monthly frequency of the winds between east and
south was converted in terms of duration, and it
was also assumcd that a constant wave height from
the average direction was continuously acting on
the beach for the duration of each month.

Fig. 6 shows the shoreline change for the next
25 years together with the average of several field
measurements in 1990 at the Gwanganri beach. For
the present berm width is narrowest at about 500
m from the southwestern end it becomes wider to-
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wards both ends of the beach. It is generally wider
at the northeastern side than at the southwestern
side. Considering the general shape of the shoreline
together with the trend of grain size distribution
along the beach that the coarsest scdiment occurs
at the narrowest berm and the sediments become
finer towards both ends, littoral drift at the Gwa-
nganri beach generally seems to be northeastwards,
and thus the shoreline may advance at the northea-
stern side and may retreat at the southwestern side.
Howecver, the shorelinc may not change very much
or may advance very slowly near the southwestern
end.

The calculation of shoreline change for the next
25 years also shows a similar trend that the shore-
line is advancing at the northcastern side and gene-
rally retreating at the southwestern side with repea-
ted advance and rctreat. Considering the direction
of incident waves, diffraction of waves may be morc
affective than the rcfraction near the southwestern
end, and thus the calculation was not carricd out
ncar the southwestern cnd. Reflection effect at the
northeastern cnd was also neglected for the calcula-
tion.

At the Hacundae beach the eastern side was se-
verely eroded and the shoreline already reached the
scawall. Only large gravels and rocks are found at
the eastern side, and the sandy berm becomes wider
towards the western side (Fig. 7). Even though a
size grading of the sand was not very clear at the
Haeundae beach, overall shape of the shoreline and
the severe crosion at the eastern end strongly imply

HAEUNDAE

Fig. 6. Shorcljne change for the next 25 years at the Gwa-
ngann beach. Solid line (present) represents the

average of several field mecasurements in 1990

Fig. 7. Shorcline change for the next 25 years at the
Haeundae beach. Solid line (present) represents the
average of several field measurements in 1990
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that the dircction of the littoral drift is westwards.
Therefore, shoreline may retreat at the eastern side
and advance at thc western side.

For the next 25 years the calculation also shows
that thc shoreline is advancing at the western side
and retreating at the castern side. It also shows that
the end of sand berm is moving westwards since
the shoreline could not retrcat any more due to
the scawall at the eastern side.

The above calculations may be too conservative
since the calculation was carricd out under the as-
sumption that the sand in the beach was conserved.
However, sands may escape from the beaches along
the blocking walls at both ends, and sands can also
be carried offshore by rip currents of wave orbital
motion. Therefore, Figs. 6 and 7 only show a long-
term general trend of shorcline change. Even
though any strong and constant rip currents were
not found during the field measurcments at both
beaches, Kim (1988) suggested the existence of rip
currents by numerical calculation and drifter trac-
king outside the surf zone at thc Hacundae beach.
Offshore loss of sand may also occur during occa-
sional storm cvents. If the offshore loss of sand is
considered, sho\rclinc retreat may be fastcr, advance
may be slower, and thc beaches may lose sand gra-
dually in total since sediment input to the bay is
extremely limited.

6. CONCLUSION

Even though winds are most frequent from the
northern directions and rarcst from the southemn
directions in Pusan area, Suyeong bay seems to be
affected mostly by the waves generated by the winds
blowing from southeast direction since the bay is
open o the southeast. The significant waves insidc
the bay are found to be generally lower than 0.5
m with the period of about 3 seconds by the winds
blown from the directions between east and south.

Dircction of littoral drift in Gwanganri beach is
considered to be mostly northcastwards. However,
a small amount of southwestward movement is also
expected near the southwestern end. In Haeundac
beach littoral drift seems to move westwards overall.

Numerical calculation of shoreline change due

to the littoral drift shows that the shoreline of the
Gwanganri beach might advance in the northeas-
tern side and retreat in the southwestern side. It
is also shown that the shorelinc of the Haeundae
beach might show a retreat in the eastcrn side and
an advance in thc western side. The shorcline al-
ready coincides with the seawall at the eastern sidc
of the Hacundae beach, and the eastern end of
sand berm scems (0 move westwards. If the offshore
loss of sand continues, the shoreline change may
show a general trend of faster retreat and slower
advance than the calculation shows, and the bea-
ches may lose sand gradually.
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