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Abstract

The Udo Rhodolith Beach located in the eastern part of Jeju Island is a
small—scale beach with a length of about 850 m and a maximum width of
30 to 35 m. It is an unique and representative coastal environment of the
Jeju volcanic island as the beach sediments are dominantly made up of
rhodoliths which are nodules of red algae. Recently, however, concern in the
preservation of this precious natural heritage has been cautiously raised in
relation to the development of coastal areas and frequent occurrence of
abnormal weather and marine conditions. Hence, this thesis analyzes the
characteristics of annual and seasonal changes in scale and topography of
the beach from 2016 to 2021 and elucidates causes and mechanism of the
observed beach changes. The analysis uses the topographic data of
terrestrial LiDAR scanning and drone photogrammetry, aided by weather and
oceanographic datasets of wind, wave, current and tide as well as marine
geological data of offshore topography and sediment distribution.

The beach is topographically divided into four gently indented areas
(zones 1 to 4) with the rocky protrusions at the boundaries. Each zone is
140 to 310 m in length, and runs primarily north—south,
northwest—southeast, and northeast—southwest. Zone 3 is the largest
subdivision accounting for about 47% of average volume of the beach (i.e.
total volume of bedrocks and sediment beds above the mean sea level), and
zone 4 accounts for 31%, zone 1 for 12%, and zone 2 for 10%.

More than 95% of the beach sediments are originated from rhodoliths,
and classified into gravel, sandy gravel, and gravel sand in grain size. The
rhodolith beds are deposited on volcanic bedrocks with an average thickness
of 1.5 m and a maximum thickness of 4.5 m. The rhodolith sediments of

the beach are most likely delivered from two main offshore source areas
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including A—type seafloor (densely covered by growing rhodoliths), north of
Haumokdong Port, and as well as B—type seafloor occupied by large—scale
sand ridges, west of the beach where some growing rhodoliths are mixed
with sand—sized debris of rhodoliths and shells. The movement of rhodolith
sediments toward the beach seems to be mainly controlled by year—round
eastward residual flow of the tide, waves strengthened by northwest wind
in winter, and long—period swells induced by typhoons in summer. On the
other hand, sediment accumulation and erosion in the foreshore are
determined by the relative strength of two opposite flows on the beachface,
swash (landward) and backwash (seaward). In the beach backshore, wind
also plays an important role in relocation of the dried sediments.

The analyses of LiDAR scanning data and drone photographs suggest
two contrasting features of alongshore topographic change depending on the
seasonal weather and sea conditions. During the spring and summer,
dominant northward flow and wave propagation were observed in the
nearshore, the northern part of the beach accreted while the southern part
eroded. In contrast, it appears the opposite topographic changes during
autumn and winter. Furthermore, this phenomenon also occurs with similar
pattern during typhoons. When typhoon moved northward along the western
sea of the Jeju Island, northward current and wave propagation were
dominant in Udo Channel. On the other hand, when the typhoon passed over
eastern sea of Jeju Island, southward current and wave propagation occurred
in the channel. The dominant direction of water movement was
southeastward and northeastward when the typhoon pathway lay to the east
or west of Jeju Island, respectively. As these enhanced waves and currents
approached obliquely to the N—S trending coastline, the beach sediments
were reworked and transported southward or northward mainly by longshore
currents, which likely acts as a major control mechanism regarding

alongshore topographic change with respect to the Udo Rhodolith Beach.
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Over the entire survey period from 2016 to 2021, it was found that the
volume of the beach varies depending on the characteristics of weather or
sea conditions but remains at a certain level in the long run, while the area
of beach gradually decreases. This indicates that the coastline slowly
retreats as a result of sediment erosion in the lower foreshore and the
subtidal zone although the subaerial part of the beach maintains its volume,
not significantly reduced. The gradual reduction of the beach extent is
interpreted to result from a combined effect of enhanced beach erosion by
natural and artificial factors. Those are sea—level rise and abnormal high
waves due to long—term climate change, and loss of buffer zone behind the

beach by construction of seawall, road and buildings.
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Fig. 1—1. Location map of the study area (Udo Rhodolith Beach).
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Fig. 2—1. Geologic and topographic map of the Udo Island. Modified from Sohn and

Chough (1993).
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Fig. 2—2. Aerial orthoimage (a), schematic diagram (b) and scenic view (c) showing physiography and sediment distribution in
Udo Rhodolith beach.
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Fig. 2—3. A model for the structure and dynamics of rhodoliths, rhodolith beds, and
geological structures derived from them. Modified from Foster (2001).
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Fig. 2—4. (a) Locations of boreholes and Ground Penetrating Radar (GPR) track line. (b) A GPR profile along the foreshore
and backshore of the beach. (¢) Backshore rhodolith bed exposed on a trench wall. (d) Borehole core sample recovered the
rhodolith bed in backshore area.
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Table 3—1. Offshore survey stations in Udo Channel.

Station No. Location Water Depth
DT-1 33° 30" 9.249""N 126° 56' 20.517""E 9 m
DT-2 33° 29' 59.425""N 126° 56' 21.549""E 8 m
DT-3 33° 29' 53.870""N 126° 55' 55.214""E 14 m
DT—-4 33° 29" 48.223""N 126° 55' 32.586""E 12 m
DT-5 33° 29" 30.597""N 126° 56' 27.168""E 15 m
DT—-6 33° 29' 21.313""N 126° 56' 7.414""E 20 m
DT-7 33° 29" 12.920""N 126° 55' 46.512""E 11 m
DT-8 33° 30" 38.021""N 126° 56' 11.009""E 10 m
DT-9 33° 30" 28.663""N 126° 55' 44.034""E 20 m
DT—-10 33° 30' 18.340""N 126° 55' 16.242""E 12 m
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Fig. 3—1. Map showing bathymetry and locations of offshore survey stations in Udo
Channel.
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Fig. 3—2. (a) Bathymetry map (a) and seafloor profiles (b and c¢) in Udo Channel
(Data from KHOA).
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Fig. 3—3. (a) 3—D bathymetry map (a) and seafloor photographs (b and ¢) in the
eastern part of the Udo Channel neighboring the Udo Rhodolith Beach. Photos shows
rocky (b) and rhodoliths—covered (c) seafloor. Bathymetric data provided by KIOST.
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Fig. 3—4. Photos of type A seafloor which is densely covered by rhodoliths in
station DT—6. See Table 3—1 for photo location.
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5cm

Fig. 3—5. Photos of type B seafloor (DT—7) which is covered by sandy sediments
composed of broken particles of rhodoliths and shells. See Table 3—1 for photo

location.

Fig. 3—6. Photos of type C seafloor (DT—8) where unbroken rhodolith nodules are
mixed with sandy sediments. See Table 3—1 for photo location.
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Fig. 3—7. (a) Classification of seabed types in Udo Channel. (b) A photo of rhodoliths

dominant distribution area (type A), (c¢) A photo of sand dominant distribution area

(type C), (d) A photo of sandy/rock mixed area (type C).
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o TR 1095EH ETAL nlgo] 49714 JEgFS WA= oR FelHy, 5
15 10897H 4w F3AE el e oA Fgo] #FHrh(Fig.
3-8). 53], AFEE iyl dBH7| e 144CTE e A7
(12.8C)xR} 1.6C =A Ve, a7 g

1,358.5 mmET} 807.8 mm © Z& ool ZAFEAoR <3 7|EXA

ot
rlo
2
=)

8

i
o

‘ofd ] 7|3 A’ o7 FEEIV|E s Kwon et al., 2007).
AFA G VIFEARS Fetelr] skl AFAI Gl 7 A 714 A

A 1Y HSE 2016EdFE 2020d7HA 9] V) AREE BEAEQ)

IS

2016~20201 57 FH#7]|L2 16.2C=2 HA(16.2C) 539 71248 HolH,

=

AWz HHE Ho= 14.5C, & 24.8C, 7}S 18.2C, AL 6.6CT=E £o2 7=
AT, AFdTHS A o] AFEAAA Fdgko] 7HE A Hes AGoRA
HZ 597 A™d A5Ee i 2218 mmE A HWZ4E(1,923 mm) BT}
A vEtA, A oF 50%+ A AEHEF) O HsEH vERdTh A4
H g $5S 8 3.1 mfs, 98 2.8 m/fs, 7FS 3.1 m/s, AE 3.1 m/sE V]EH
o] ofFH 9o & WEol YelUA g Hy Hu 52 B 59 mfs, 9F
5.5 m/s, 7F& 5.7 m/s, A& 6.0 m/s2EA B3 ALHo| #3 FLo] g3}

(Table 3—2; Figs. 3—8, 9).
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Table 3—2. Summary of five—year (2016—2020) average monthly weather data by
Seongsan AWS.

‘:I;’ eeé‘d(rWnl/réc)l é\gg)e(dm% Aver. Temp(TC) | Precipitation (mm)
Jan. 3.1 5.9 5.8 87.3
Feb. 3.4 6.5 6.5 98.4
Mar. 3.3 6.4 10.2 138.2
Apr. 3.1 6.3 14.4 170.9
May 2.8 5.8 18.3 181.9
Jun. 2.5 5.2 21.4 251.3
Jul. 2.9 9.0 25.5 306.8
Aug. 3.1 5.7 27.5 245.2
Sep. 3.1 5.8 23.3 395.8
Oct. 3.2 5.9 18.4 224.4
Nov. 2.8 5.4 13.0 41.3
Dec. 2.9 5.6 7.6 77.6
Weather data summarized by month from Seongsan AWS

Aver, Temp(T)

Apr. Way

Sep

Precipitation(mm} —afiver, Wind speed(m/s) e a, Wind speed (m/s)

Fig. 3—8. Five—year (2016—2020) average monthly rainfall (mm) and temperature(C)

observed by Seongsan AWS.
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Fig. 3—9. Time series of wind speed and direction taken from Seongsan AWS data
(2016~2020).
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GETFReE AFE gl dteiygor ot LG thrbdFae
Fee AF B o (Ko et al., 2003; Lie et al., 2000), o]& 213 H 5=
= Aed °F 14C, 9454 ¢F 26C= Uedr. ddd 22 19C2 A5 23}
3 2 A8, o8 Eul7 A4S Txuyrt AFsted 3 24S
&gttt (Heo et al., 2012).

Cha and Moon (2020) 7oA+ AFE fFcd LS A&t AFE F

Aol tigh GAl 2RAUA x5 Frietdded, 1 A3 AFE AT dlA

23 FE FEAA BARFOR AdHn, 2FAUAE F40] Ae AFE
FEAGeN o] e BAYFOR B4E AXE 5L wolH, AFE F
W ERIUAE AT kel wAsE dRduAe] 90% ol 4e AX e e
2 wasgith 53, SEFRAN 2F $FES FEFA BHEF, J2FA GIF
g vehel, g2 @ G2l 1 om/s olge] F# £F f&o] AU Ueju

Special Self—Governing Province, 2020).

71 ATl ainl HAE R 54 rEe] fste] uE 2 27 5A4E
ghotel = & SRl ¢k 500 m Ak ADCPE AX3te] &4 #AS5(3HA, A4
T3 % At (Jeju Special Self—Governing Province, 2020).

uZFy= A3 sHAt A Folual S 0.5~1.0 m Wel®E FA dEst
| @ton, Hd 7= 4~5% WelE iy F&3] TeekA] ke T3
EA(young wave)S HolW, 35 B¥ = HeAdEo] He AFHA HA 201.6
°o] W& Wk A S0 = T FEVF AL, FAAEF] F= AZH
g

Hyt 356.8 °9] HZE wgkx Bojo & ylo] EEV

L

N

m

-~
o
=
o
-
38
s
—y
&,
oy
[p)
o
@
e,
&,

olH FXFE HEA, HxFe was o $A% SAS Bidn FE 1359
A HA Frdel ZXE)
& AA YEsth FRet G279 Nk a4 AT FE ASHA FE2F
7F, g 9x2F/7F FF A 5 S Bt (Jeju Special Self—Governing
Province, 2021; Fig. 3—11). AZoAY FAfFe A5de sEsFoz 3HlsS
Tl Agdols HEFY Aol AuAor 359 A7 oFHo] 4.5 cm/s,

AE&A ~3.8 cm/sE JEo] AL B} 2w ¢ 3 38507 YepdtH(Fig. 3—12).
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Wave rose of Currentin PC1(Udo channel)
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Fig. 3—12. Scatter diagrams of observed currents by ADCP at the PC station in Udo
Channel. Modified from Jeju Special Self—Governing Province (2021).
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Fig. 3—13. Progressive vector diagrams obtained from ADCP measurements for
bottom layer with 10—minute interval at the PC station in summer and winter case.

Modified from Jeju Special Self—Governing Province (2021).
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Fig. 4—1. Aerial photographs of the Udo Rhodolith Beach from 1948 to 2015. Photos
from NGII (National Geographic Information Institute).
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Table 4—1. Equations for tidal non—harmonic constants.

Equation

Observation Point MHWI — Standard MHWI

2 ( Hm+Hs )/2 ( Hm+Hs ) standard observation
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- Hm: Principal lunar semidiurnal component amplitude

- Hs: Principal solar semidiurnal component amplitude
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(Table 4-2, 3).
AF 2ABEE ARE Adstel 48 BN B A 29 ghS 19674

205 cm, 1969 140 cm, 19854 129 cm, 1991 127 cm, 19954 203 cm,

~

20039 278 cm ©olt}. A Z9TB=A 29 ARE J|Fow HELw FTAA

i

3
A 29 ke 208 76 cm, 20105 206 cm, 2015 121 cm ©|th(Table 4—
G AR Z AlZbe] 29 WYE 76~278 cm °]H, 19483 AFAY %9
AR st 29 As FAHo] =rFseTh =9 w5 Fhe] ALtE 9 A
S5 470 AFE(1969, 1985, 1991, 2015W) = AAAY H sl HeNA F
dEgem, 471 AE (1967, 1995, 2003, 2010)E vz FHdd FGHA
20089 A= kxR A7]e] ZgEo] Fxur syl ziete] A PP E Foled 4= k.

4.3.2 93 &4 43

D #jFA4E A d 37 AE

o

&
4337 xSy 2 FE AFS ol & £ gdo] wfg Fadk AR
19484 & QA AFAY 2A=4 BAZ Q) =Y S B9 3 5 glo
A4 20,661 mE EAEHAT. 19679 FEHFF T

=
T B °F 72 cm o] i AEoln, 4 WAL 20,647 mz S

o] 199zt w4 sk Ao yehdA @kt wA wstel @ Agwshs el
HETRHAT) A Siwl o] 15 m o] YEha Ao ful @R
AT e] Fe diF gasiolth s G5 FAHGT)E diHoR 5



Table 4—2. Information of TBM (Tidal Bench Mark) in Jeju and Seongsan

tide stations. Data from KHOA.

Tidal harmonic constant

L(I)l(;?flieon Tidal non—harmonic constant
Tidal constituent Amplitude (H) Tidal lag (k) Tidal lag (g)

MHWI (k) 10h 28m

M2 69.7 303.5 311.3
MHWI (g) 10h 44m
Spring rise 238.3 cm

S2 29.5 324.1 341
Jeju Neap rise 179.2 cm

tide station

K1 23 210.2 219 M.S.L 139.1 cm
01 16.8 189.1 188.1 Approx.HH.W 278.1 cm
MHWI (k) 09h 27m

M2 65.4 274.2 281.2
MHWI (g) 09h 42m
Spring rise 228.5 cm

S2 30 296.3 312.4 -
Seongsan tide Neac rise 168.5 cm
station

K1 21.7 202.6 211 M.S.L 133.1 cm
01 16 182.3 180.9 Approx.HH.W 266.2 cm

- A4 -



Table 4—3. Information of tide levels (estimated) at the time of the aerial photo shots. Data from NGII and KHOA.

Seongsan Jeju tide g g g g
e Time ti(.lg Si[atioln statlion ltide Time difference Height ratio for Source
tide leve eve . .
(em) (em) for tide (hour) tide
1948—05—-13 — - -
1967—10—-07 11:49 205 257
1969—-02—-12 11:55 140 125
- Image : National
1985—-04-29 12:00 129 118 Geographic
Information
1991-03—-23 12:48 127 133 Institute (NGID)
: 0.96 Tide 1 1 data :
1995-10-08 13:00 203 202 Jl.e eVdeS ara
eju and Seongsan
2003—10—27 12:46 278 290 tide station
(KHOA)
2008—10-11 14:16 76 102
2010—11-11 12:00 206 214
2015—-04—-17 12:00 121 203
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Fig. 4—2 Long—term changes of beach area and shoreline in the Udo Rhodolith Beach.
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Table 4—4. Summary of areal change in the Udo Rhodolith Beach from 1967 to 2019.

Year 1948 1967 1969 1985 1991 1995 2003 2008 2010 2015 f:rtll;g
(A;fz? 20,661 | 20,647 | 23,299 | 12,910 | 14,707 | 15,985 | 14,075 | 13,073 | 14,345 | 14,794
Are?rrcl?)ange ~14 2,652 | —=10,389 | 1,797 1,278 | —-1,910 | —-1,002 | 1,272 449 -5,867
Rate of area
change -0.1% | 12.8% | —44.6% | 13.9% 87% | —11.9% | —-7.1% 9.7% 31% | —28.4%
(%)
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Table 5—1. Survey schedule of LiDAR scanning and drone mapping.
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Fig. 5—1. Subdivision of the Udo Rhodolith Beach by coastal cusps.
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Fig. 5—2. (a) Diagram showing survey ranges of the terrestrial LiDAR scanning (red line) and Drone mapping.

(b) Photo and specification of the terrestrial laser scanner (Leica Scan Station P40)
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Fig. 5—3. Field work photos of terrestrial LiDAR scanning (a and b), and snap shots of
data processing (registration) by Cyclone v.9.1.5 (¢).
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Table 5—2. Coordinates of the ground control points measured by Trimble R2 GNSS (LiDAR survey).

Code Latitude (E) Longitude (N) | Z(@m | Code Latitude (E) Longitude (N) | Z (m
WDO01 | 126°56'29.14"" 33°30'21.86"" 4.08 | WD26 126°56'36.50"" 33°30'07.68"" 5.44
WDO02 | 126°56'29.81"" 33°30'21.57"" 4.17 | WD27 126°56'36.51"" 33°30'06.85"" 4.75
WDO03 | 126°56'29.54"" 33°30'20.46"" 1.65 | WD28 126°56'36.37"" 33°30'06.47"" 4.19
WDO04 | 126°56'29.62"" 33°30'20.23"" 1.70 | WD29 126°56'36.37"" 33°30'05.24"" 2.09
WDO05 | 126°56'30.12"" 33°30'20.37"" 3.10 | WD30 126°56'36.72"" 33°30'05.21"" 2.04
WDO06 | 126°56'30.35"" 33°30'19.35"" 3.62 | WD31 126°56'34.73"" 33°30'04.89"" 1.39
WDO07 | 126°56'30.39"" 33°30'18.90"" 3.69 | WD32 126°56'34.82"" 33°30'04.68"" 1.33
WDO08 | 126°56'29.44"" 33°30'16.97"" 3.87 | WD33 126°56'35.37"" 33°30'04.47"" 0.87
WDO09 | 126°56'29.31"" 33°30'16.59"" 3.90 | WD34 126°56'36.40"" 33°30'03.93"" 3.32
WD10 | 126°56'29.56"" 33°30'15.95"" 3.94 | WD35 126°56'36.86"" 33°30'03.38"" 3.46
WDI11 | 126°56'29.82"" 33°30'15.39"" 3.80 | WD36 126°56'37.38"" 33°30'02.79"" 3.03
WD12 | 126°56'29.83"" 33°30'15.03"" 3.48 | WD37 126°56'37.31"" 33°30'01.98"" 3.06
WD13 | 126°56'30.34"" 33°30'13.36"" 3.93 | WD38 126°56'36.66"" 33°30'00.96"" 1.65
WD14 | 126°56'30.77"" 33°30'12.90"" 3.92 | WD39 126°56'37.44"" 33°30'01.08"" 3.20
WD15 | 126°56'30.50"" 33°30'12.69"" 1.80 | WD40 126°56'37.81"" 33°30'00.11"" 4.71
WD16 | 126°56'31.26"" 33°30'12.20"" 2.81 | WD41 126°56'37.98"" 33°29'59.69"" 4.90
WD17 | 126°56'32.17"" 33°30'12.37"" 4.95 | WD42 126°56'37.88"" 33°29'58.57"" 2.88
WD18 | 126°56'33.11"" 33°30'12.12"" 6.61 | WD43 126°56'38.24"" 33°29'58.55"" 4.27
WD19 | 126°56'34.29"" 33°30'11.49"" 6.31 | WD44 126°56'38.49"" 33°29'57.45"" 3.59
WD20 | 126°56'34.58"" 33°30'11.11"" 6.26 | WD45 126°56'38.56"" 33°29'57.16"" 3.56
WD21 | 126°56'35.15"" 33°30'10.41"" 6.14 | WD46 126°56'38.66"" 33°29'55.86"" 4.40
WD22 | 126°56'35.29"" 33°30'10.21"" 6.13 | WD47 126°56'38.39"" 33°29'55.79"" 4.44
WD23 | 126°56'35.53"" 33°30'09.88"" 6.20 | WD50 126°56'33.81"" 33°30'11.51"" 5.51
WD24 | 126°56'36.12"" 33°30'08.96"" 6.19 | WD51 126°56'35.89"" 33°30'08.85"" 3.93
WD25 | 126°56'36.49"" 33°30'08.10"" 5.89 | WDb52 126°56'35.94"" 33°30'08.75"" 3.91

GCP location
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cm/pixel®] AR FEde AT FY 21L B FEE 4 m/s, AR SHH|
H(FFTEE, I55%2)S 80%, 7HE Adres 90°= HAASIGNY. =85 ol &3
SNl Z A2 wiE Y 1R WAl 258 e AlREAel7] wiiEel T
(F 470 7= 18], F 48]0l 2dA 1AF &5t FFsA e, 13] 2AflA AR
= 870 of&o]l HEHAY. A= Mtz t2AVIE tidez Al
o, o} EAIZE 30w A HIS AAFoRA dEo] G HxvF 2 5 9
=5 MRIPgeSEs 2AsIt(Fig. 5-4a).

SEA]ol AF Hojo . VA AdAAA e Tad dHL FIAGE FA
2 ARG A ojof spxt sinl S AAE e Aol ofde A
Jom olg Al fste sigtel med vIwes AAsklnh =S BA

S AFE7]) 9ete] 3erS whet 187) AH, 99X WEo] glE ot =%
7INkek 1670 A8 & F 34709 7IEH S AASAHTable 5-3). AR7EH =
Fe GINTEC AR F90 EES A&t on, RTK F#FolA= &9 8 mm +
1.0 ppm, 5% 15 mm + 2.0 ppm, AA SHNA+= +H 2 mm + 0.5 ppm, I
23 mm + 0.5 ppme YF ALEE H AT (Fig. 5—4b).

AFxAbNA FSE ARIS 29 BAY 45 HolE(HIAB R, 7 &4 FH,
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AAFG A Orthoimage) 0.2 A 2+sl7] 98l ‘PixdDmapper T E213WE o] &3}

FAAZIER FgE ARE 2RO B & FH, 4 dHolHE VxE A
H(align) GAIE Aok H3H (tie point)S Zro} 3 AT (sparse point cloud)S
A F 3D AS AT Kwon et al., 2020; Fig. 5—5¢). A3 3x Ao & 34
A (sparse point cloud)& GCP(Ground Control Point) FEARE o] &3sle] F
A3} (optimize) & T3l AHEAS HAJstlst gh=dl, o] GCP7F FRIHE ¥
of A7 A4 #HARE dHsle] BAss Ao, HHSE Sl o] Foixl
Zre] Hell= Agg X, Y, Z AR7F Foldk(Ryu et al, 2018). Hx ¥
DSM(Digital Surface Model)ellA+&= 1a72=(H9), A, 3% 522 A4
AEo] x3E o] glo] o]E AA T HEHo= DSM(Digital Surface Model) 2
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Fig. 5—4. (a) Diagram showing survey ranges of the terrestrial LiDAR scanning (red line) and Drone
mapping. (b) Photo and specification of the drone system (Phantom 4 pro V2.0).
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Fig. 5—5. Field work photos of dron mapping (a and b), and raw data: mapping process image (c), orthoimage data (d), and DSM (Digtal
Surface Model) data (e).
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Table 5—3. Coordinates of the ground control points that measured by GINTEC F90 GNSS (Drone survey).

Code Latitude (E) Longitude (N) Z (m) | Code Latitude (E) Longitude (N) Z (m)
D01 126°56'29.14"" 33°30'21.86"" 1.42 D18 126°56'38.39"" 33°29'55.79"" 3.36
D02 126°56'29.67"" 33°30'21.23"" 0.70 D19 126°56'38.66"" 33°29'565.86"" 0.86
D03 126°56'29.55"" 33°30'20.24"" 3.29 D20 126°56'36.56"" 33°30'00.22"" 3.16
D04 126°56'29.32"" 33°30'16.79"" 4.18 D21 126°56'34.67"" 33°30'05.00"" 0.87
D05 126°56'29.59"" 33°30'15.88"" 3.75 D22 126°56'34.70"" 33°30'09.26"" 0.94
D06 126°56'29.80"" 33°30'14.59"" 0.92 D23 126°56'29.56"" 33°30'14.46"" 4.69
D07 126°56'30.07"" 33°30'13.72"" 4.04 D24 126°56'30.38"" 33°30'18.85"" 3.75
D08 126°56'31.12"" 33°30'12.69"" 1.23 RO1 126°56'38.53"" 33°29'58.61"" 1.02
D09 126°56'33.03"" 33°30'12.14"" 1.26 RO2 126°56'29.06"" 33°30'16.48"" 1.26
D10 126°56'35.18"" 33°30'10.44"" 4.04 RO3 126°56'38.03"" 33°29'56.36"" 1.50
D11 126°56'35.67"" 33°30'09.69"" 1.24 R0O4 126°56'37.49"" 33°29'568.06"" 1.74
D12 126°56'36.51"" 33°30'06.84"" 1.24 RO5 126°56'37.76"" 33°29'67.24"" 4.19
D13 126°56'35.36"" 33°30'04.51"" 4.05 RO6 126°56'28.91"" 33°30'21.54"" 3.37
D14 126°56'37.80"" 33°30'00.10"" 1.03 RO7 126°56'28.76"" 33°30'17.15"" 1.64
D15 126°56'38.04"" 33°29'59.46"" 3.58 RO8 126°56'29.10"" 33°30'15.65"" 3.97
D16 126°56'37.97"" 33°29'58.52"" 6.08 RO9 126°56'28.77"" 33°30'16.14"" 4.07
D17 126°56'38.47"" 33°29'57.45"" 4.42 R10 126°56'29.47"" 33°30'11.79"" 3.43
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Fig. 5—6. GIS modelling for topographic change of the Udo Beach. (a) A float from LiDAR survey point in ArcGIS. (b) An example of

interpolation of a geologically correct raster surface from point data. (¢) Creating DEM from Lidar survey point. (d) Caclulating raster
data from before and after elevation data. (e) Result of morphological change in the Udo Rhodolith Beach.
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Class Band 1 Band 2 Band 3
W{bﬂ Rhodoliths Mindtum 109 98 100
: Mazimum 253 253 255
Mean 251.07 24845 24796
-~ Std.dev 10.44 11.71 11.85
Minimum 25 97 97
Maximum 169 212 208
Mean 70.17 H1.72 142.83
Std.dev 6.78 13.33 8.79
Minirmum 2 2 5
Maximum 255 253 255
Mean 115.24 117.05 121.06
Std.dev 60.26 58.46 53.19
L Plants(dune) Mindtmm 96 96 49
rT:- Maximum 248 248 204
b : Mean 170.64 171.49 122.26
e Std dev 16.43 15.72 16.17
n Subtidal sediment Subtidal basalt Basalt .-Wi;a.-“ AN Basal T~
WA \1

] Plants

— T -

— presasanei
B4 06 M 1Y M S MK 0 A3 AN L6 AN B AT 6 89 W0 01 AT BN RM AR M AP BH UG K3 B1 KD K0 Ak BN BN T AA RG TE FY T3 PR ML TN N T PR TH BS A1 N NN MA MR WK AT A BB BO W1 B3 21 M4 OE B

i EIEEEL iR IR H

=
WVIWWI‘?":W" A AN Rnodoliths Rhodoliths Rhodoliths

Fig 5—7. Analysis of spectral characteristics in the Udo Rhodolith Beach. (a) Orthoimage of the entire area. (b) RGB
image decomposition on the orthoimage. (c) Spectral properties of surface materials in the beach. (d) Wavelength of
different types of beach materials depending on distance. (e) Spectral reflectance of the subdivision topography
(rhodolith, subtidal sediments, basalt, plants).
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Elevation(m) ‘l) | 1| |

Fig. 5—8. LiDAR—based digital elevation maps of the Udo Rhodolith Beach from Sep. 2016 to May 2017 (basemap from ArcGIS online

basemap).
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2016-08 / 2016-09 | J2H 2016-09 / 2016-10 | K8 2016-10 / 2017-02 | KM 2017-02 / 2017-05| K& 2016-08 / 2017-05

Elevation
change(m) -2.0 -1.5 -1.0 -0.5 -0.1 0.1 0.5 1.0 1.5

Fig. 5—9. Inter—seasonal elevation changes of the Udo Rhodolith Beach from Sep. 2016 to May 2017. Bluish and reddish colors denote

eroded and aggraded areas, respectively.
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Fig. 5—10. LiDAR—based digital elevation maps of the Udo Rhodolith Beach from Jul. 2018 to Apr. 2019.
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Fig. 5—11. Inter—seasonal elevation changes of the Udo Rhodolith Beach from Jul. 2018 to Apr. 2019. Bluish and reddish colors denote

eroded and aggraded areas, respectively.
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Elevation(m)

Fig. 5—12. LiDAR—based digital elevation maps of the Udo Rhodolith Beach from Aug. 2019 to Apr. 2020.
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Fig. 5—13. Inter—seasonal elevation changes of the Udo Rhodolith Beach from Aug. 2019 to Apr. 2020. Bluish and reddish colors denote

eroded and aggraded areas, respectively.
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Table 5—4. The results of LiDAR—based area calculation of the Udo Rhodolith Beach
from Sep. 2016 to Oct. 2021.

No| Survey date Zone 1 Zone 2 Zone 3 Zone 4 Total
y area (m’) area (m') area (m’) area (m’) area (m’)
1 | 2016—09—20 2,605.0 1,673.7 7,483.8 4,135.8 15,898.4
7,580.0 4,149.9 15,691.2
o | sot6-10mry | 23244 1,636.8
(=10.8%) | (=2.2%) (1.3%) (0.3%) (-1.3%)
2,323.6 1,638.5 7,576.8 4,150.0 15,688.9
3| 2016—11-14
(0.0%) (0.1%) (0.0%) (0.0%) (0.0%)
2,413.0 1,613.2 7,533.4 4,149.9 15,709.4
4 | 2017-02—-27
(3.8%) (-1.5%) (=0.6%) (0.0%) (0.1%)
2,360.5 1,613.4 7,468.6 4,118.8 15,561.3
51 2017—05—-12
(=2.2%) (0.0%) (=0.9%) (—=0.7%) (—=0.9%)
2,531.9 1,618.3 7,327.9 4,113.2 15,591.2
1 | 2018—07-30
(7.3%) (0.3%) (=1.9%) (-0.1%) (0.2%)
2,336.2 1,603.7 7,288.4 4,084.1 15,312.4
2 | 2018—08—31
(=7.7%) (=0.9%) (=0.5%) (=0.7%) (-1.8%)
2,404.7 1,616.3 7,292.3 4,102.3 15,415.6
3 | 2018—10—-31
(2.9%) (0.8%) (0.1%) (0.4%) (0.7%)
2,400.4 1,614.2 7,341.1 4123.2 15,478.8
4 | 2019—-04—-22
(—=0.2%) (=0.1%) (0.7%) (0.5%) (0.4%)
2,541.8 1,665.0 7,624.1 4,142.1 15,973.1
1 | 2019—-08—-03
(5.9%) (3.2%) (3.9%) (0.5%) (3.2%)
2,526.1 1,672.2 7,625.0 4,135.8 15,959.0
2 | 2019—09—-16
(—=0.6%) (0.4%) (0.0%) (-0.2%) (-0.1%)
2,525.4 1,672.0 7,544.8 4,142.0 15,884.2
3| 2019—-10—-28
(0.0%) (0.0%) (=1.1%) (0.1%) (=0.5%)
2,546.2 1,668.1 7,680.6 4,147.6 16,042.4
4 | 2020—02—12
(0.8%) (-0.2%) (1.8%) (0.1%) (1.0%)
2,572.7 1,670.8 7,709.2 4,147.0 16,099.7
5 1 2020—04—09
(1.0%) (0.2%) (0.4%) (0.0%) (0.4%)
2,402.9 1,634.0 7,345.0 4,123.3 15,505.1
1 | 2021-10—-06
(—6.6%) (=2.2%) (—4.7%) (=0.6%) (—=3.7%)
Average 2,454.3 1,640.7 7,494.7 4,131.0 15,720.7
Total area —202.16 | -39.77 | -—138.83 | -12.48 | -393.25
change (m') (=7.8%) | (=2.4%) | (=1.9%) | (=0.3%) | (-25%)
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Table 5—5. The results of LiDAR—based volume calculation of the Udo Rhodolith Beach
from Sep. 2016 to Oct. 2021.

No| Survey date Lo 1 - 2043 c AL : Zone 4 ; Total \:olume
volume (m’) | volume (m') | volume (m’) | volume (m’) (m’)
1| 2016-09-20 | 2,842.7 2,106.0 11,907.5 6,680.0 23,536.1
2 | 2ow6-t0-17 | 2| AU Sy | ey | (0%,
s 2sui | ST | s | 0wy | (o) | (00%)
w2 B S | Cons | Casa
5| 7051z | BTIR3|L9Z8A 112909 | 0385 | 22,0861
1| 2018-07-30 %5815}0; %29;% 33536% ?32235 2(31.?)77%59
2 | 2018-08-31 (2_145(75 ) (1_?53(75) 1(14.765%')2 (6—%();%?) (Zﬁfi%
3| s | P2 YRS AR ST |
o] soig-oa-gz | ZOSSO | L9284 | LLOTOS | 67055 | 232981
Ul oo-0sw | Ve | Gose) | G | (6r) | (6.6%)
2| 2g-o0-16 | ST | HeES | UGS | G | oy
3| 2019-10-28 (3_?283(73 ) (2_11339%8) 1(31’_280%')8 (7—?75%3) 2(56%14730')8
4] 200-02-12 | QLT BOS L SRS ) BT B!
5 | 2020-04—09 (3_’%%3;) (2_%)43}(2) }ES% zolg;:; (2 23125(3%%
Um0 | U | Tesiy | oo | (s | (e
Average (m’) 2,857.8 2,034.4 12,232.0 6,952.4 24,076.6
Total volume 41.19 ~100.13 387.18 108.17 436.40
change (m') (1.4%) (—4.8%) (3.3%) (1.6%) (1.9%)
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2018-08

2018-08

2018-11

2019-02

2019-04

+ Survey date : 2018-08-19 09:00
* Low tide time (cm) : 06:37 (71),18:41 (61)
+Event: Summer

+ Survey date : 2018-08-25 16:00
* Low tide time (cm) : 03:29 (107),15:08 (60)
« Event: after Typhoon (Chaba)

« Survey date : 2018-11-11 16:00
* Low tide time (cm) : 05:18 (34), 18:17 (97)
* Event: Autumn

+ Survey date : 2019-02-08 14:00
* Low tide time (cm) : 05:34 (18), 18:14 (54)
* Event: Winter

« Survey date : 2019-04-23 06:25
+ Low tide time (cm) : 06:25 (73), 18:09 (28)
+ Event: Spring

Fig. 5—14. Drone—based orthoimages of the Udo Rhodolith Beach from Aug. 2018 to Apr. 2019.
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Fig. 5—15. Beach area and shoreline change of the Udo Rhodolith Beach from Aug. 2018 to Apr. 2019.
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2019-08

2019-09

2019-10

2020-02

2020-05

+ Survey date : 2018-08-03 17:30
* Low tide time (cm) : 05:30 (69),17:25 (10)
+Event: Summer

+ Survey date : 2019-09-08 06:40
* Low tide time (cm) : 00:36 (146),11:45 (103
« Event : after Typhoon (Lingling)

« Survey date : 2019-10-28 17:00

* Low tide time (cm) : 03:31(17), 16:00 (34)
+ Event : Autumn

« Survey date : 2020-02-24 16:50
« Low tide time (cm) : 04:15 (11), 16:53 (47)
* Event: Winter

« Survey date : 2020-05-08 15:55
+ Low tide time (cm) : 04:24 (33), 16:23 (-11)
+ Event: Spring

Fig. 5—16. Drone—based orthoimages of the Udo Rhodolith Beach from Aug. 2019 to May 2020.
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Fig. 5—17. Beach area and shoreline change of the Udo Rhodolith Beach from Aug. 2019 to May 2020.
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A

2021-08

2021-09

2021-10

+ Survey date : 2021-05-29 17:25
+ Low tide time (cm) : 06:07 (77),17:43 (6)
+Event: Summer

+ Survey date : 2021-07-24 15:50
+ Low tide time (cm) : 04:14 (91),15:52 (15)
«Event: Summer

« Survey date : 2021-08-26 06:00
* Low tide time (cm) : 06:07(80), 16:56(59)
+ Event : after Typhoon(Omais)

« Survey date : 2020-09-12 06:30
* Low tide time (cm) : 06:59 (59), 19:41 (108)
« Event : after Typhoon(Chanthu)

« Survey date : 2021-10-06 15:40
+ Low tide time (cm) : 03:26 (50), 15:39 (32)
* Event: Autumn

Fig. 5—18. Drone—based orthoimages of the Udo Rhodolith Beach from May 2021 to Oct. 2021.
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Fig. 5—19. Beach area and shoreline change of the Udo Rhodolith Beach from May 2021 to Oct. 2021.
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Table 5—6. The results of Drone—based area calculation of the Udo Rhodolith Beach from
Aug. 2018 to Oct. 2021.

Date Zone 1z Zone 22 Zone 32 Zone 4z Totalz
area (m’) area (') area (') area (m') area (m')
2018—-08—-19 2,090 952 7,279 5,855 16,175
2018—08—-25 2,166 1,142 8,581 5,472 17,361
2018—09-08 2,157 1,134 8,722 5,394 17,407
2018—10—-09 2,305 1,031 9,007 5,628 17,871
2018—11—-11 2,302 736 9,347 5,470 17,854
2018—12-31 2,142 836 8,427 4,943 16,348
2019-01-22 2,324 867 8,878 5,018 17,088
2019-02—-20 2,504 880 9,226 5,165 17,775
2019-03—-25 2,512 1,014 8,582 5,133 17,241
2019-04-23 2,466 1,069 8,573 5,636 17,645
2019-08—-03 2,789 1,018 8,492 3,812 16,110
2019-09-23 2,235 1,203 7,831 4,003 15,271
2019-10—-04 2,393 935 7,746 3,763 14,837
2019-10—-28 2,487 1,019 8,332 3,879 15,716
2019-11-30 2,637 1,065 8,138 3,979 15,720
2019—-12-30 2,315 1,167 7,675 4,112 15,269
2020-01—-16 2,409 946 7,743 3,693 14,791
2020—-02—-28 2,357 1,011 7,724 3,621 14,713
2020—-03—-25 2,423 930 7,683 3,587 14,623
2020—-04—-10 2,492 915 7,636 3,522 14,565
2020—-05—-08 2,387 844 7,660 3,327 14,217
2021-04-28 2,204 816 7,299 3,279 13,599
2021-05—-29 2,033 827 7,061 3,286 13,207
2021-06—13 2,029 814 6,989 3,333 13,164
2021-07—-24 2,197 891 7,191 3,459 13,737
2021-08—12 2,106 761 6,874 3,189 12,930
2021-08—26 2,098 759 7,008 3,039 12,904
2021-09—-12 2,081 712 6,838 3,099 12,729
2021-09-21 2,010 1,041 7,007 3,423 13,481
2021-10-06 1,904 685 7,053 3,081 12,722
2021-10—-23 2,072 800 6,891 3,214 12,976
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Zone 1 Zone 2

30.0%

30.0%
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10.0% I I 10.0%
- H m l . . — - — _ = E N —
-10.0% - = I l

-10.0%

-20.0% -20.0%

-30.0% -30.0%
Summer-Typhoon Typhoon-Autumn Autumn-Spring ~ Spring-Summer Summer-Typhoon Typhoon-Autumn Autumn-Winter ~ Winter-Spring Summer-Typhoon Typhoon-Autumn Autumn-Spring  Spring-Summer Summer-Typhoon Typhoon-Autumn Autumn-Winter ~ Winter-Spring

d

Zone 3 Zone 4

30.0% - 30.0%
20.0% 20.0%
10.0% 10.0%

o ¥_+Il__l_l__ﬁ_f o~ —g | - g =

-10.0% -10.0%
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Summer-Typhoon Typhoon-Autumn Autumn-Spring  Spring-Summer Summer-Typhoon Typhoon-Autumn Autumn-Winter ~ Winter-Spring Summer-Typhoon Typhoon-Autumn Autumn-Spring  Spring-Summer Summer-Typhoon Typhoon-Autumn Autumn-Winter  Winter-Spring

Rate of area change I LiDARsurvey I Dronesurvey

Fig. 5—20. Comparison of Lidar (red bar) and drone—based (green bar) area of the Udo Rhodolith Beach. (a) zone 1, (b) zone 2, (c)

zone 3, (d) zone 4.
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Table 5—7. Types of beach area change by Lidar (red arrow)

and Drone (green arrow) measurements.

Change
pattern

Description and interpretation

Location and time

(*)

Typhoon to autumn 2018
Spring to summer 2019

) Zone 1
Increase in both Drone— and Typhoon to autumn 2019
Lidar—based areas, due to Winter 2019 to spring 2020
() | sediment supply from nearshore
Zone 2 | Summer to typhoon 2019
zone.,
Zone 3 | Typhoon to autumn 2018
Zone 4 | Autumn 2018 to spring 2019

i Zone 1 | Summer to typhoon 2019
Decrease in both Drone— and | Zope 2 Typhoon to éutumn 2019,
Lidar—based areas, due to Autumn to winter 2019

) | offshore removal of beach and Zone 3 | Unoccurred
subtidal sediments

Summer to typhoon 2018,
Zone 4 ) .

Winter 2019 to spring 2020

Summer to typhoon 2018,
Zone 1 ]

*) Autumn 2018 to spring 2019
Increase in Drone—based area| , .. o Summer to typhoon 2019,
while decrease in Lidar—based Autumn 2018 to spring 2019

) | area, due to sedim'ent movement Summer 2018 to typhoon,
from beach to subtidal zone Zone 3

Typhoon to autumn 2019
Zone 4 | Summer to typhoon 2019,
Zone 1 | Autumn to winter 2019,

Typhoon to autumn 2018,
Zone 2 | Spring to summer 2019

*) Winter 2019 to spring 2020
Decrease in Drone—based area Autumn 2018—spring 2019,
while increase in Lidar—based Spring to summer 2019,

o | area, due .to sediment m_ovem.ent Zone 3 | Summer to typhoon 2019,
from subtidal zone to intertidal .

Autumn to winter 2019,
beach
Winter 2019 to spring 2020
Typhoon to autumn 2018,
Spring to summer 2019
Zone 4

Typhoon to autumn 2019,

Autumn to winter 2019,
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Fig. 5—21. Topographic change models of the Udo Rhodolith Beach in association with 4
types of beach area change shown in Fig. 5—20.

102 -



5.4. il A|F-XAQ W3}

3}

¢}

5.4.1 BAEZ(AZE) 34l A

A-3tA ¥}

&

1)

2019 4€5H 20209 8«9

1
R

Zoltt 2w

e

Al

N

Fed 20200 4 A

J|

e 9R(H)el AR s ol

o)
Ho

~

KA e

-
-

FR=tl, o

S

97t 7.1% 7}

- ll=

Nlo

A7V 2

AstRA B g2 719 W

=
i

ZFoll

=
o

o Al ¢F 403 m'

479

s

ol 914
7} dEnA ghghd 20210 2 @ 7]

-
1

A= WatE = 7]t =

5]

o] Yeh}ar 6¥€olA 7Y,

ko] YEFTH(Table 5-6).

%

S oy A A
Txgy 5

o,

1
s

7he A= e

=
)

517}

H
T

Tl A

[N

~ 3t

Al

o] X719 vpE}

g

=
R

SEEL)

=

:F_

|

=]
Ry

=
)

7_]—
EERER

(

olH
Tl

Z] o
=

|

=
EA4AR

sk

o

sue] AR A3

-
T

.

-
s

ofubm T upu)x] B Fopiol A

Q)
=

4 40]

ol thAl =

)

e

=
o

H

AN ool

-
T

ERIEE

Aol a2 F& Az Hlt},

- 103 -
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Fig. 5—22. Morphological change between spring and summer seasons in the Udo Rhodolith Beach.
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Fig. 5—23. Morphological change between summer and autumn seasons in the Udo Rhodolith Beach.
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Table 5—8. Seasonal change of backshore width (m) in zone 3.

Northern section

Central section

Southern section

Class (Line a) (Line b) (Line ¢)
2017 4.28 15.32 14.31
2019 3.40 14.33 15.45
Spring
2020 4.19 8.76 20.70
Average 3.96 12.80 16.82
2018 10.35 19.05 6.38
Summer 2019 13.41 18.85 5.78
Average 11.88 18.95 6.08
2016 10.12 11.10 14.21
2018 13.75 9.97 11.93
Autumn
2019 12.83 9.99 10.26
Average 12.23 10.35 12.13
2017 1.25 1.95 22.39
Winter 2020 6.53 7.69 14.43
Average 3.89 4.82 18.41

- 108 -



.=l Elevation change (LiDAR) Elevation change (LiDAR) Beach area change ﬂ Beach profile change
(2016-10/ 2017-02) (2019-10/ 2020-02) (2018-11/ 2019-02 (2019-10/ 2020-02)
! Beach profile change Line a
N
M191028 31d == M200212_ 4th = === Lidar_Aver
Beach profile change Line b
e M 191028 _31d mM200212_4th === Lidar_Aver
Beach profile change Line ¢
% 2% e 11191028 _31d s M200212_4th e emem Lidar_Aver
: [ Accretion area i Autumn beach profile line
ct;w I:r‘:a te’;’ n':) ——— R— gzgzg : (r;j I Erosion area pfj ?,-f: ce,::,;té?:, ) Winter beach profile line
9 -1.5 -0.5 0.5 . [ Preservation area ====== Average beach profile line

Fig. 5—24. Morphological change between autumn and winter seasons in the Udo Rhodolith Beach.
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Fig. 5—25. Morphological change between winter and spring next year in the Udo Rhodolith
Beach.
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Table 5—9. Rate of volume and areal changes during typhoons.

Chaba Soulik Lingling Maysak

Volume change (%) -2.9 —4.6 +2.6 —4.0
Zone 1

Areal change (%) -10.8 —-7.7 -0.6 —6.6

Volume change (%) —4.4 -1.0 +1.9 -6.3
Zone 2

Areal change (%) —-2.2 -0.9 +0.4 —2.2

Volume change (%) +2.9 +4.6 +3.5 —6.0
Zone 3

Areal change (%) +1.3 -0.5 0 —4.7

Volume change (%) +4.6 -9.6 +0.5 -5.6
Zone 4

Areal change (%) +0.3 -0.7 -0.2 -0.6

Volume change (%) +2.0 —-1.4 +2.4 —5.7

Entire beach
Areal change (%) -1.3 -1.8 -0.1 -3.7
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Fig. 5—26. Elevation and beach profile changes before and after typhoons.
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Fig. 5—27. Area (m’) and volume (m') changes in the Udo Rhodolith Beach from 2016 to 2021.
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Fig. 5—28. Volume (m') change by subdivision zones in the Udo Rhodolith Beach from 2016 to 2021.
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Fig. 5—29. Area (m’) change by subdivision zones in the Udo Rhodolith Beach from 2016 to 2021.
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TE 7hetel f7lEs AR v, 4 @ AlE ol gkl By A7) o e =HAA
(>0.063 mm)¢ Y& AHAYA(<0.063 mm) 2 Fe & A2 2fe 14 A
Amiow, aga Y A7]9] daks g R ne Y EE BEE 54353
o HFAoR HAE AR HAYES} EvE, dEe sEE FANESAS

o] &3te] Folk and Ward (1957)9] e whe} &418k3ict.

A5 Algs 4= wEk AZ(gravel), E@(sand), AE(silt), FE(clay) =
=ietl o (Table 6-3), 4= 3L A, Zef, YHE+HE)S] Fand]
el A2 (G), AFEY(sG), FAAHES), A AH(2)S), EH(S)E AT
(Fig. 6-2). &5%=c 479 A717F #4243 A=E Yedls goews 1 ¢ ols
A A wae AEHVE G5 Aolal 1 ¢ oY A B MHIE EFd A
of we} ¥3F E5(well sorted), T¥E E5 (moderately well sorted),
<3t ¥d (moderately sorted), =% & (poorly sorted) &= T8} th(Table
6-4). == PA FE dHAS Hetll= A5RA 2 ghe] 0 TPhesrE £
HA% Algde] 4o
k= Aolw, © 4 7 gholw AHEE 4A7E Wol LEsh= Aol ofol] wel H=

oFo] 9 E(strongly fine—skewed), %9 9% (fine—skewed), =7Fe] 9=

BE3= Aol TgkolH Yok YA wWol] &

(near—symmertrical), =9 9% (coarse—skewed), H=FL9 %= (strongly

coarse—skewed) Z &3 (Folk and Ward, 1957).

6.2.3 471 =4 &4
HAEe 4 24 Sdom TR F 9 AAEAD 0 0 o1 =9R
wejoh Aol 19, 5 FE, A7, saieh 5 ERE ¥ 4] #AE

Sgstel FE A
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Table 6—1. Sampling locations for this study.

Sample . Sample .

i Location (WGS—84) - Location (WGS—84)
SD—-1 33°00'20.8"N / 126°56'29.6"E SD—11 33°30'08.1"N / 126°56'35.4"E
SD—2 33°30'19.8"N / 126°56'30.0"E SD—12 33°30'06.5"N / 126°56'36.0"E
SD—3 33°30'18.6"N / 126°56'30.1"E SD—13 33°30'06.5"N / 126°56'35.5"E
SD—4 33°30'17.9"N / 126°56'29.7"E SD—14 33°30'05.1"N / 126°56'35.8"E
SD—5 33°30'15.8"N / 126°56'29.6"E SD—15 33°30'05.1"N / 126°56'35.4"E
SD—6 33°30'12.1"N / 126°56'31.4"E SD—16 33°30'03.5"N / 126°56'36.3"E
SD—7 33°30'11.2"N / 126°56'33.4"E SD—17 33°30'02.7"N / 126°56'36.9"E
SD—8 33°30'10.3"N / 126°56'34.5"E SD—18 33°30'00.4"N / 126°56'37.4"E
SD—-9 33°30'09.2"N / 126°56'34.9"E SD—-19 33°29'568.9"N / 126°56'38.0"E
SD—-10 33°30'08.1"N / 126°56'35.7"E SD—-20 33°29'57.0"N / 126°56'38.3"E

Table 6—2. Sampling date in Udo Rhodolith Beach.

Jan. Feb.

Sampling schedule

Mar. Apr. May

Jun.

Jul.

Aug

Sep. Oct. Nov. Dec.

2016

2017

2018

2019

2020
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Fig. 6—1. Sampling locations for sediment textural
analysis in Udo Rhodolith Beach.
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Table 6—3. Grain—size terminology by Friedman and Sanders (1978).

Grain size .
Size class
mm 0]
Boulder
— 256 —_— -8
Cobble
— 16 — Tt —4 Gravel
Pebble
— 4 S -2
Granule
— 2 S -1
Very coarse sand
— 1 —_— 0
Coarse sand
— 0.5 —_— 1
Medium sand Sand
— 0.25 —_— 2
Fine sand
| 0.125 _ 3
Very fine sand
— 0.063 — 4
Coarse silt
— 0.031 —_— 5
Medium silt
— 0.016 —_— 6 Silt
Fine silt
— 0.008 —_—t 7
Very fine silt
— 0.004 —_— 8
Clay Mud

Table 6—4. Classification of the degree of sorting by Folk and Ward (1957).

Sorting Coefficient(@) Characterization
<0.35 very well
0.35 ~ 0.50 well
0.50 ~ 0.70 moderately well
0.70 ~ 1.00 moderate
1.00 ~ 2.00 poor
2.00 ~ 4.00 very poor
>4.00 extremely poor
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Gravel

Sandy
Gravel

Muddy Gravel

Gravel %

30%

Gravelly
Gravelly Mud Gravelly Muddy Sand
Slightly _,
Gravelly””, Slightl
Mud ¥ Slightly Gravelly Slightly Gravelly e 4
u Gravell
Sandy Mud Muddy Sand
Trac
/ Mud [/ Sandy Mud Muddy Sand \ —\ Sand
Mud 1:9 1:1 9:1 Sand
Sand:Mud Ratio
Slightly gravelly sand = S
Gravel = G sV 8 Y (2)

Slightly gravelly sandy mud = (g)sM
Slightly gravelly muddy sand = (g)m$S
Slightly gravelly mud = (g)M

Sandy gravel = sG
Muddy sandy gravel = msG

Muddy gravel = mG
V& - Sand = S
Gravelly sand = gS _
_ Muddy sand = mS
Gravelly muddy sand = gmS _
Gravelly mud = gM Sandy mud = sM
Y & Mud = M

Fig. 6—2. Textural classification ternary diagram and nomenclature by Folk and Ward
(1957).
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6.3 HAE UxIe] 2FEA W3

6.3.1 2016—2017d ¥l EHE A EA W3}
2016 sAI(8E)el AHE 14} W EH =] =154 A A (Table 6-5),

FHFYEE 1.106~3.027 mme HHolt}.

26.6~96.5%, E#(sand) 3.5~73.4%=2 = o

o AE(clay)E= A9 EFH o] A &k webA HA

(sG), JHAHgS)E EFET #9%E+ 0.51~1.225 0 H

Holn 9= -0.605~0.3329] W9 &9 A=A A =

gtk AARom 7 Feiis 8% gge]l 294 54 nolu gtk BiE:

6-3), W YPEs 0.801~3.96 mme HHE B HAZ e84 BH, F
2 22 45~99.8%, R 0.2~955%% F-ES xAea AES} HEE A
UetA @, HAE 3 9(G6), AHEAG), FA=AHgS), FFAA()S)
2 79 9 5s 0.376~0.961 0 MR 1 S s BHolH, Y -

201633 FA(11€)el AFE siWIEHEo 4 Ay HAJEE 0.777~2.924
mme HYolth, HAE JrFAL F2 Az 53~87.8%, R 12.2~94.7% =

RES A, G(6), ALG(s6), GAAHES) 5o fPoE LRAG. BF
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o

= 0.357~1.026 ¢o] MY =Us BFS Holw, 9 EE= -0.608~0.428 H
A9 &9 A=A gih 2 AAER YERAT SRlFgd A= 7 7Y Ei
==

H4% FA(SD-2, 4, 15, 16, 2009142 st A4S deps, 9 Pl

A BaEst gse deEdth o EAdA Yehs 24545 wdEs
Foz #As FA JF nAE Ao F@ol uriHE Ao s H,

20179 29  AFHE HAE B4 AF(Table 6-5), HAYEE
0.966~4.725 mme] H9lolth A4 8.5~99.9%, = 0.1~91.5%2] HH=Z +
Ho Ud HAES A9 xdEo A &g webA HAE 73S 9(G6), AHE
A (sG), A HgS)E YEPITE #HEE 0.15~0.88 0] W9

o,

$

2
Holw, o+ -0.638~0.7299] WML g f=rl EH Aot FAZA A=

Xl
N
S
=
o
=
oL
=4
of,
41
o
=8
o|\
N
)
o
o
o,
e
o
ol
@
o
=
Jm
ol
—
4
:IR

2017 59 AHE sWEHAES A A} (Table 6-5), FBA Y=+
1.198~4.73 mm¢ W= vehdoh F2 2A2(13.1~100%)3 2 (0~86.9%)=
TA=EH, 9(G), AHEYG(sG), dFAHgS)E EFHEATH B3 %+ 0.149~1.186 0]
HAAZ T3 5 (Moderately Sorted)S Holn, ¢ -0.521~0.5932 W29
=3k = (Near—Skewed) ZH tF& 53 7|9 AAEZ YElAY,. sA-F
AZIZE & 2AEA WMIte 179, 2779, 47904 tiAlAe® J=rF S7F
Rom, FHES] WItE 479E AQg BE F YA ¥shrr EAsdth 3
SAZANAE R oR Y3t FEgS Blou, FAFAMNAE R
oA P A, HFEFA Y Tk 3314 A5G ®STF Uehdt o=

shepe] dapol FANAN A 7175t WaTel e Az A4

_IR_E

18
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Table 6—5. Results of sediment texture analysis in Udo Rhodolith Beach between sep.
2016 and may 2017.

2016—09 2016—10 2016-11 2017—02 201705

Sample

e | e Sorting | MO | qrting | MO | qopng | Mean | g | MeE | g

POt S o) | M| ) | T2 | ) | %% | ) | % | (ohi)
(phi) | P (phi) | P (phi) | P (phi) | P (phi) | P

SD—-1 | —0.85 | 0.74 —-1.24 | 0.38 —0.47 | 0.44 | —-0.57 | 0.50 —0.59 1.11

SD—2 | —0.54 | 0.59 —-0.99 | 0.58 —-0.65 | 0.51 —1.95 | 0.48 —-1.59 | 0.50

SD-3 | —0.15 1.04 —-0.65 | 0.51 0.36 1.03 0.05 0.66 —0.26 1.18

SD—4 | —0.34 | 0.95 0.32 0.83 -0.89 | 0.62 —-1.60 | 0.51 -1.15 | 0.79

SD-5 | —0.65 1.23 0.14 0.64 -0.21 0.81 —-1.57 | 0.65 —-2.24 | 0.15

Sb-6 | —-1.61 | 065 | —1.99 | 0.45 | —0.57 | 0.51 —-1.06 | 0.58 | —1.27 | 0.78

SD-7 | —1.33 0.82 —1.65 0.51 —-1.25 0.78 -0.64 | 0.86 -2.01 0.44

Sb—-8 | —1.08 | 083 | —0.92 | 0.65 | —1.04 | 0.59 | —0.02 | 0.72 | —0.27 | 1.19

Sb-9 | -0.87 | 0.66 | —=1.30 | 0.77 | —0.63 | 0.65 | —0.96 | 0.57 | —0.28 | 0.29

SD—-10 | —1.30 | 0.83 0.00 0.63 | =0.23 | 0.36 | —=0.09 | 0.82 | —=0.30 | 1.02

SD—-11 | —0.57 | 0.61 -1.18 | 0.77 —0.52 0.73 —0.21 0.79 —-1.36 | 0.84

SD—-12 | —0.64 | 0.81 -191 | 0.50 | —-1.11 0.83 | —1.58 | 0.88 | =0.30 | 0.96

SD—-13 | —1.60 | 0.51 -1.21 | 0.81 -1.31 0.86 | —1.01 | 0.62 -0.61 | 0.63

SD—-14 | —1.01 0.62 —-1.24 | 0.82 -0.60 | 063 | -1.83 | 0.65 | —1.22 | 0.83

SD—-15 | —1.25 0.82 —0.85 0.96 —1.55 0.65 —-2.24 | 0.15 -1.10 0.84

SD—-16 | —1.30 | 0.78 —-1.85 | 0.52 —-1.50 | 0.64 | —1.45 | 0.60 —-1.64 | 0.52

SD-17 | —1.17 | 0.83 —-1.26 | 0.80 -0.98 | 0.63 -1.22 | 0.77 -0.92 | 0.64

SD—-18 | -0.65 | 0.64 | —1.59 | 0.60 | —0.63 | 0.72 | —1.89 | 0.50 | —1.64 | 0.52

SD—-19 | —0.64 | 0.77 0.16 0.52 -0.46 | 056 | —0.93 | 0.87 | —1.16 | 0.86

SD—-20 | —0.63 0.67 -0.94 | 0.63 -1.31 0.89 —-1.84 | 0.64 —-1.94 | 0.49
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Legend @-4~-2¢ (pebble) @ -2~-1¢ (granule) O -1~0¢ (verycoarse sand) O 0~1¢ (coarse sand)

Fig. 6—3. Mean grain—size distribution of surface sediments in Udo Rhodolith Beach from 2016 summer to 2017 spring.
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Legend @1.0~2.0¢ (poorlysorted) @ 0.7~1.0¢ (moderatelysorted) (O 0.5~0.7¢ (moderately well sorted) @ 0¢ ~1¢ (wellsorted) @ 0~1¢ (very well sorted)

Fig. 6—4. Grain sorting distribution of surface sediments in Udo Rhodolith Beach from 2016 summer to 2017 spring.
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Table 6—6. Results of sediment texture analysis in Udo Rhodolith Beach between July
2018 and Apr. 2019.

2018—7 2018—9 2018—10 2019—-2 2019—4
Sample
N Mean | Sorting | M | Sorting | M | Sorting | M2 | Sorting | ME* | Sorting
0. size (ohi) size (ohi) size (ohi) size (ohi) size (ohi)
(phi) | P (phi) | P (phi) | P (phi) | P (phi) | P

SD—-1 | —0.86 | 0.66 -1.21 0.96 -0.86 | 0.53 —-1.58 | 0.50 —0.20 | 0.88

SD—-2 | —0.56 | 0.50 —0.61 0.62 —-0.58 | 0.77 —-2.22 | 0.27 —-1.61 0.50

SD-3 0.04 0.59 -0.31 1.13 —0.23 0.36 —0.63 0.51 —0.55 0.49

SD—4 0.13 0.67 | —1.00 | 0.63 | —1.24 | 0.88 0.07 0.88 | —0.58 | 0.63

SD-5 0.45 0.73 —-0.65 | 0.63 —-2.23 | 0.26 —-2.24 | 0.15 —-2.23 | 0.25

SD-6 | —2.24 | 0.15 | —0.87 | 0.52 -1.28 | 030 | -0.39 | 1.04 | —1.85 | 0.51

SD-7 | —1.47 0.43 —-1.63 0.82 —0.95 0.64 —2.23 0.15 —2.24 0.15

SD-8 | -1.26 | 0.82 | —0.59 | 0.75 0.13 0.94 | —0.04 | 0.61 0.84 1.13

Sb—-9 | -0.93 | 049 | -1.09 | 1.36 | —0.23 | 1.12 | —2.24 | 0.15 1.34 0.69

SD—-10 | 0.43 0.50 0.80 1.00 | —0.48 | 0.64 | —2.22 | 0.27 | —0.59 | 0.50

SD—11 | —0.34 | 0.93 -0.87 | 0.99 —0.34 1.12 —-0.92 | 0.49 —-1.28 | 0.29

SD—-12 | —0.27 | 0.84 | —1.64 | 0.51 —-1.26 | 0.80 0.33 0.52 | =049 | 0.62

SD—-13 | —0.25 | 0.41 —-1.62 | 0.50 -0.67 | 0.67 -0.27 | 0.30 —-0.69 | 0.68

SD—-14 | —0.59 | 0.51 -1.25 | 0.77 —-2.24 | 0.15 -0.63 | 0.65 -1.92 | 0.49

SD—-15 | —0.94 | 0.66 —-0.33 | 0.92 —1.88 0.50 —0.95 | 0.64 —-2.24 | 0.15

SD—-16 | —1.24 | 0.27 —-1.26 | 0.82 -0.27 | 091 —-1.58 | 0.49 —-2.24 | 0.15

SD-17 | —=0.25 | 0.15 —-0.64 | 0.53 —-0.86 | 0.65 —-1.59 | 0.90 —-0.64 | 0.66

SD—-18 | —1.53 | 0.89 | —1.25 | 0.98 | —0.83 | 0.51 —-2.21 | 0.28 | —=1.01 | 0.60

SD—-19 | —0.52 0.75 —0.27 0.74 —1.34 0.80 —2.24 | 0.15 —1.88 0.52

SD—-20 | —0.95 0.61 —1.82 0.61 —1.57 0.67 —-1.92 0.49 —1.60 0.67
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Table 6—7. Composition ratio (%) of rhodoliths (R), shell fragments (S) and lithic
fragments (L) between July 2018 and Apr. 2019.

2018—7 2018—9 2018—-10 2019-2 2019—4
Sample
No. R S L R S L R S L R S L R S L

SD-1 | 86| 32 | 83 922 | 53 | 25 | 949 | 30 | 21 | 808 | 123 | 69 | 758 | 186 | 5.6

SD—2 | 923 | 58 | 1.9 | 899 | 39 | 62 | 945 | 38 | 1.8 | 807 | 46 | 147 | 9%2 | 3.2 | 05

SD-3 | 904 | 68 | 28 | 804 | 150 | 46 | 939 | 26 | 35 |80 ] 92 | 29 | 88| 86 | 1.6

SD—4 | 879 | 87 | 33 | 903 | 42 | 55 | 86| 36 | 88 | 821|154 | 25 |93 | 82 | 1.6

SD=5 | 799 | 161 | 40 | 974 | 24 | 02 | 970 | 20 | 1.0 | 974 | 20 | 0.6 | 87| 34 | 79

SD—6 | 964 | 36 | 0.0 [ 951 | 40 | 1.0 | 964 | 25 | 1.2 | 910 | 85 | 0.6 | 936 | 0.8 | 5.7

SD=7 | 43| 45 | 12 | 936 | 56 | 0.8 | 972 | 25 | 0.3 | 939 | 19 | 42 | 971 | 29 | 0.0

SD=8 | 971 | 21 | 0.8 | 950 | 43 | 0.7 | &7 | 133 | 1.0 | 887 | 104 | 09 | 868 | 122 | 1.0

SD-9 | 969 | 26 | 06 | 991 | 47 | 02 | 918 | 74 | 0.8 | 982 | 1.3 | 0.6 | 687 | 299 | 1.4

SD—-10 [ 878 | 108 | 1.4 | 927 | 59 | 14 | 84 | 113 | 1.2 | 95| 0.0 | 36 | 8.1 | 133 | 0.7

SD-11 1 83| 110 | 0.7 | 900 | 59 | 41 | 898 | 96 | 0.7 | 929 | 64 | 0.7 | %41 | 49 | 1.0

SD-12 [ 918 | 7.7 | 05 | 704 | 163 | 93 | 971 | 0.3 | 26 | 750 | 237 | 1.3 | 906 | 86 | 0.8

SD-13 1933 | 59 | 0.8 | 931 | 44 | 25 | 942 | 55 | 02 | 85| 99 | 06 | 915 | 76 | 09

SD-14 [ 968 | 24 | 09 | 960 | 37 | 03 | 914 | 45 | 41 | 903 | 93 | 05 | 85| 6.8 | 47

SD-15 [ 9%0 | 28 | 22 | 912 | 75 | 1.3 1960 | 38 | 02 | 97| 38 | 05 | 99| 0.1 | 0.0

100.

SD-16 [ 961 | 36 | 0.3 | 967 | 27 | 0.6 | 8L1 | 179 | 1.0 [ 959 | 3.6 | 04 00 ] 00

SD-17 1936 | 6.0 | 05 | 9%7 | 36 | 07 1932 | 62 | 06 | 80| 104 | 0.7 1919 | 7.3 | 0.8

SD-18 [ 940 | 5.0 | 1.0 | 95 | 36 | 1.0 | 946 | 50 | 03 | 975 | 2.0 | 05 | 941 | 0.2 | 5.8

SD-19 [ 910 | 75 | 15 1924 | 51 | 25 1933 | 61 | 06 | 960 | 09 | 32 | 90| 2.7 | 13

SD—20 | 947 | 39 | 14 | %6 | 33 | 1.1 | 94| 38 | 0.8 | 907 | 1.6 | 7.7 | %7 | 35 | 09
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Legend @-4~-2¢ (pebble) @ -2~-1¢ (granule) O -1~0¢ (verycoarse sand) O 0~1¢ (coarse sand)

Fig. 6—5. Mean grain—size distribution of surface sediments in Udo Rhodolith Beach from 2018 summer to 2019 spring.
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Legend @1.0~2.0¢ (poorlysorted) @ 0.7~1.0¢ (moderatelysorted) (O 0.5~0.7¢ (moderately well sorted) @ 0¢ ~1¢ (wellsorted) @ 0~1¢ (very well sorted)

Fig. 6—6. Grain sorting distribution of surface sediments in Udo Rhodolith Beach from 2018 summer to 2019 spring.
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Table 6—8. Results of sediment texture analysis in Udo Rhodolith Beach between
Aug. 2019 and Apr. 2020.

2019-8 2019-9 2019—-10 2020—2 2020—4
Sample
ot | orting | MEA | g | MO T Sorting | Mea | goring | Mo | qing
pom size (ohi) size (ohi) size (ohi) size (ohi) size (ohi)
(phi) (phi) (phi) (phi) (ohd) | ©

SD—-1 | —1.56 | 0.63 —2.21 0.29 —1.52 0.65 —-1.26 | 0.28 0.07 0.67

SD—2 | —0.94 | 0.49 —-1.04 | 0.59 —-2.24 | 0.15 —-1.60 | 0.50 -0.92 | 0.50

SD-3 | —1.15 1.04 0.42 0.80 —0.87 0.51 —0.87 0.51 —0.62 0.52

SD—-4 | —0.99 | 0.61 -1.48 | 0.60 | —=0.60 | 0.60 | —2.22 | 0.27 | —2.21 | 0.28

SD-5 | —2.24 | 0.15 —-2.23 | 0.15 —2.22 0.26 —-2.24 | 0.15 —-2.24 | 0.15

Sb-6 | —2.23 | 0.24 | -0.94 | 0.67 | —1.20 | 0.87 | —2.24 | 0.15 | —1.03 | 0.43

SD-7 | —2.01 0.44 —-1.23 0.38 —2.00 0.44 —0.60 0.51 —0.36 0.94

Sb—-8 | —1.12 | 0.99 | —-0.22 | 0.29 | —1.28 | 0.79 0.16 0.74 0.17 0.83

SD-9 | -0.82 | 0.63 | —0.21 1.15 | =0.59 | 0.64 | —0.66 | 0.79 0.03 0.64

SD—-10 | 0.16 0.80 0.47 0.67 | —0.52 | 0.61 -0.50 | 0.58 | =0.10 | 0.95

SD—-11 | —1.25 | 0.72 —-1.63 | 0.78 —-1.89 | 0.50 —-1.21 0.28 —1.51 0.46

Sb—-12 | -0.53 | 0.66 | —0.51 | 0.66 | —2.24 | 0.15 | —0.91 | 0.62 | —0.97 | 0.64

SD—-13 | —1.45 | 0.56 —-2.24 | 0.15 —2.22 0.27 —-2.24 | 0.15 —-2.22 | 0.27

SD—-14 | —1.19 | 0.85 —-1.51 0.64 —-0.84 | 0.82 -0.67 | 0.68 —1.54 | 0.48

SD—-15 | —1.37 0.81 —-1.97 0.46 —2.23 0.43 —1.57 0.50 —2.24 0.15

SD—-16 | —2.24 | 0.15 —-2.23 | 0.26 —-2.24 | 0.15 —1.54 | 0.48 —-2.24 | 0.15

SD—-17 0.15 0.76 —-1.55 | 0.89 —-0.88 | 0.65 -1.16 1.00 -1.59 | 0.61

SD—-18 | —1.94 | 048 | —1.92 | 049 | —1.14 | 0.82 1.00 048 | —=1.65 | 0.50

SD—-19 | —1.21 | 0.89 | —2.21 | 0.29 | —1.83 | 0.51 —-0.34 | 0.81 —-1.23 | 0.81

SD-20 | —1.21 0.88 —-0.24 | 041 —0.93 0.65 —-1.94 | 0.48 -1.27 | 0.39
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Table 6—9. Composition ratio (%) of rhodoliths (R), shell fragments (S) and lithic
fragments (L) between Aug. 2019 and Apr. 2020.

2019-8 2019-9 2019-10 2020—-2 2020—4

Sanple
poirt R S L R S L R S L R S L R S L

D1 |85 | 87 | 58 [ 539 | 51 | 410|824 | 7.7 | 99 | 842 | 79 | 78 | 698 | 185 | 117

D2 | 84| 106 | 40 | 914 | 53 | 33 |83 | 61 | 66 | 941 | 52 | 0.7 | 949 | 38 | 13

D3 83| 94 | 23 |786 | 171 | 43 | 83| 93 | 24 | 940 | 39 | 21 |88 | 95 | 37

D4 1910| 67 | 23 |88 |103 | 29 |84 | 85 | 21 | 914 | 57 | 29 [ 906 | 25 | 69

D5 88| 51 | 91 |95 26 | 09| 9% |39 |08 ]|971|29 | 00 |9%N3| 20| 27

D6 |9%2| 38 | 00192860 | 12 |915| 73 | 12 |87 | 71 | 32 | 941 | 47 | 12

D7 19%7 | 42 | 01 [933 | 61 | 06 | 932 | 57 | 1.1 | 948 | 39 | 1.3 [ 941 | 54 | 05

D8 |80 | 63 | 97 | 824|164 | 12 [945| 49 | 06 | 997 | 02 | 01 |81 | 1L1 | 08

D9 838129 | 33 (82 122 | 06 [ 918 | 75 | 0.7 | 956 | 37 | 07 [ 908 | 80 | 1.2

D10 | 765 | 186 | 49 [ 697 | 284 | 19 | 897 | 99 | 04 | 933 | 58 | 09 | 951 | 40 | 09

D11 | 8 | 101 | 49 [ 932 | 56 | 12 | 947 | 47 | 06 | 963 | 31 | 06 | 967 | 26 | 0.7

D12 1932 | 63 | 05 | 917 | 79 | 04 | 978 | 22 | 0.0 | 961 | 33 | 06 [ 956 | 38 | 06

D13 [ 886 | 92 | 22 | 988 | 12 | 00 | 9.7 | 53 | 30 | 878 | 68 | 54 | 945 | 47 | 08

D14 1910 | 7.8 | 1.2 | 937 | 57 | 06 | 933 | 60 | 0.7 | 929 | 56 | 15 [ 9B2 | 42 | 06

D15 1948 | 46 | 06 [ 970 | 30 | 00 | 100 | 00 | 0.0 | 944 | 42 | 14 | 672 | 172 | 156

D16 195 | 1.0 | 25 [ 983 | 1.7 | 00 | 993 | 07 | 0.0 | 943 | 49 | 08 [ 964 | 23 | 13

D17 | 711 | 274 | 15 | 950 | 47 | 03 [ 942 | 51 | 07 | 9%4 | 37 | 09 | 970 | 28 | 02

D18 1978 | 21 | 01 | 938 | 49 | 1.3 [921 | 69 | 1.0 | 945 | 48 | 0.7 | 962 | 31 | 07

D19 1897 | 94 | 09 | 936 | 47 | 1.7 | 964 | 22 | 14 | 950 | 20 | 30 [ 945 | 38 | 17

D2019.8 | 83 | 09 | 741 | 228 | 31 | %2 | 29 | 1.9 | %7 | 28 | 15 | 94| 23 | 23
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2019-08

Legend @-4~-2¢ (pebble) @ -2~-1¢ (granule) O -1~0¢ (verycoarse sand) O 0~1¢ (coarse sand)

Fig. 6—=7. Mean grain—size distribution of surface sediments in Udo Rhodolith Beach from 2019 summer to 2020 spring.
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Legend @1.0~2.0¢ (poorlysorted) @ 0.7~1.0¢ (moderatelysorted) (O 0.5~0.7¢ (moderately well sorted) @ 0¢ ~1¢ (wellsorted) @ 0~1¢ (very well sorted)

Fig. 6—8. Grain sorting distribution of surface sediments in Udo Rhodolith Beach from 2019 summer to 2020 spring.
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Table 6—10. Sediment textural change according to beach change.

Accretion

11

Erosion

12
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Sand blown inland

Fluvial sand suppl

Beach Dynamic System

Sediment Supply S>L — Growing Sediment Loss
S<L — Shrinking

S=L — Balancing

Fig. 7—1. Beach dynamic system showing sediment gain and loss in association with surrounding environments. Modified from Bird (2010).

- 150 -



il

oln], HAE 245

+

yAO

90% o]

=]
RN

il

3

w3

Fx

Aoz HixEo ArH(Kim et al., 2003).

7
Do
=K
X

A
T

N
ﬂo
B
I

1oz oz JATH(Kim et al.,

2003; Jeju Special Self—Governing Province, 2017, 2021).

2 AA VA=

14 (Type A)E Tzt

9|

-
T

TEHH(Fig. 7-2).

==
1o

ﬂ

A YEbH (Type B),

A&

4] A}E|(sand ridge)

3

o
-

Aol

o]
H

1A

3

o9

3

KUY RS

g43s

=
=

o

3] ol&

2 A

=K

A(Type C)ox ZAFE AT} Jeong et al.

AL tgon ATEY A}

aho] VEhte

Qe

54

o e R R

=
=3

7|22 479 FHow F

4] ol A

9|

1o

o}

S

o] - Asbet U A}

o] ¢l

=
=

R I g A ]

il

—_—

Bl

T %)

i A 71

9|

FETE 5% Type B

—
file)

o
o
B8

o

A ol 5=

9]

A= ks Aog wAL) Type C

=
)

M

o
_Z_l
™
i)
-

G

0|

o[

o

- 151 -



Legend
@ TypeA
O TypeB
@ TypeC
B ADCP Point

Residual
current(summer)
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Jeju Jongé!al Port .
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Fig. 7—2. Map showing distribution of 3 types (A, B and C) seafloor materials and flow direction of tide in Udo Canal.
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Fig. 7—5. Time series of current vectors at the ADCP site during the Chaba (a), Soulik (b). Modified from Yoon et al. (2021).
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Fig. 7—7. (a) Conceptual diagram of the sediment transport by longshore current and wave
swash—backwash process in a beach. the longshore current as part of the Udo rhodolith nearshore
environment (modified from Trujillo and Thurman, 2008). (b) Various mechanisms of aeolian sediment
transport (modified from Nickling and McKenna—Neuman, 2009). (c¢) Volume changes of the Udo
Rhodolith Beach between July 2018 and April 2019. (d) Conceptual model of sediment transport
processes governing the topographic change of the Udo Rhodolith Beach under the southeastward wind
field.
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Fig. 7—8. Lidar—based on area (m’) and volume (m') changes in the Udo Rhodolith Beach

from 2016 to 2021. Yellow and blue squares denote
accretion and erosion periods.
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with names, and yellow and blue squares denote accretion and erosion periods, respectively.
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Fig. 7—10. (a) Schematic cross—section of the Udo Rhodolith Beach showing overall
topography and distribution of the beach sediments and basement rocks during summer
season. (b) Conceptual model of sediment transport processes governing the
topographic change of the Udo Rhodolith Beach during summer season.
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Fig. 7—11. (a) Schematic cross—section of the Udo Rhodolith Beach showing overall
topography and distribution of the beach sediments and basement rocks during winter
season. (b) Conceptual model of sediment transport processes governing the

topographic change of the Udo Rhodolith Beach during winter season.
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Table 7—1. Weather information of the eastern Jeju Island during the typhoon events.
Data from KMA (2017, 2019, 2020, 2021), Hong et al. (2021), and Yoon et al. (2021).

Name of typhoon Chaba Soulik Lingling Maysak
Oct. 4% Aug. 22M . .
Peak date Sep. 61 2019 | Sep. 3¢ 2020
2016 2018
Position of typhoon track Eastern Western Western Eastern
relative to Jeju Island side side side side
Duration (hour) 36 43 24 36
Prevailing wind E N SE E S N
Wind Max wind
o 35 25 25 35
characteristics speed (m/s)
Average wind
17.7 17.7 15.3 14.24
speed (m/s)
Max Wave
] >3 2
Wave height (m)
characteristics Direction N N
Max current
) 60 100
Residual speed (cm/s)
current Direction SE N N
Tidal range
174 165 99 194
(cm)
Mean sea level
(em) 156.9 174.6 166.9 172.3
Tide —
High water
250 250 220 320
level (cm)
Tide level during ) Low and ) ) )
) Low tide . . Low tide High tide
peak time High tide
Sep. 20" Jul.. 30 Aug. 3" Aug. 27"
Pre—typhoon
2016 2018 2019 2020
Survey date Oct. 17" Aug. 31% Sep. 16 Sep. 41
Post—typhoon
; K dat 2016 2018 2019 2020
rom peak date
i (+13) (+9) (+10) (+1)
Survey method LiDAR LiDAR LiDAR Drone
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Fig. 7—12. Conceptual model of sediment transport processes governing the
topographic change of the Udo Rhodolith Beach under the northeastward (a) and
southeastward (b) wave fields. After Yoon et al. (2021).
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Fig. 7—13. Conceptual model of the sediment exchange in the Udo Rhodolith Beach.
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Table 7—2. Technical comparison of topographic monitoring methods by video, GNSS, LiDAR and UAV operated in the Udo Rhodolith

Beach. Modified from Kwon et al. (2020).

Class

Video Monitoring

GNSS Monitoring

Lidar Monitoring

UAV Monitoring

Observation time Minute scale Day Scale Month Scale Day Scale
Survey cost Very high Low high Low
Work time - 1 day/20,000 m' 2 day/20,000 m’ 1 hour/20,000 m’

Analysis time 3 day 1 day Week 2 day
Accuracy Low Low Very high High
1
g —A
Equipment n
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