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A} PAE Aol ol H3] Ago] AW Fow, Ao Byl mE Bt Bad ol
otk AFEE AR HlE B Al Awgol W dakd e wgom, 53 23g
TAFNNE W AU WS vlEo] Fohh o] ATE Fal FRREFAYol Y 97
ol AEH7) olel Aol Bieki, Ak A Age AIHOR HUHPL 5 gl
g 7159 A ol FF % A BE 2 Belo] f5F NS ATY ® o}
gk, oz g i gl djoF 87 a4 (1) ARde 430w 2Ase] urh ag
Aolm A% F5dt S AHA B ek vhisl 9 Ro® Jlojsi.

Fool 1 g, Al WA, FELY, G, A% BUHY, @Y

ABSTRACT

This study investigates the progression and changes in marine bed whitening across
different coastal regions of Korea (the East Sea, West Sea, South Sea, and Jeju Island)
from 2014 to 2023, using airborne hyperspectral imagery analysis. Hyperspectral
imagery enables the direct estimation of the whitening area, facilitating the creation of a
highly accurate and reliable database compared to traditional statistical methods. The
analysis results indicate that, overall, whitening in Korea’ s coastal areas has either
decreased or stabilized, although some regions continue to experience severe whitening.
In the East Sea, areas such as Ulleung, Gangneung, and Yangyang show an increase in
the proportion of stable marine bed area, signaling a clear trend of ecosystem recovery.
Along the West Sea, most areas remained stable; however, local sites like Jawoldo and
Deokjeokdo 1 exhibited ongoing, serious whitening, indicating localized degradation. In
the South Sea, locations such as Yeosu, Suncheon, and Goheung maintained a stable
ecosystem, whereas Ulsan and Busan continued to experience whitening, highlighting the
need for region—specific management strategies. In Jeju Island, whitening was more
severe in the eastern region compared to the west, with especially high levels noted in
Jocheon—eup and Gujwa—eup. This study demonstrates that, despite challenges in
applying airborne hyperspectral imagery to marine environments, the technology is a
practical tool for monitoring coastal ecosystem whitening effectively. The results not
only provide valuable information for the protection and management of marine
ecosystems but also pave the way for future in—depth analyses of the causes of
whitening and their correlations with marine environmental factors, ultimately supporting
the development of more efficient and sustainable marine ecosystem restoration
strategies.

KEYWORDS . Marine Whitening, Airborne Hyperspectral, Image Analysis, Coastal Monitoring,
Current Status
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wald AN (Algae  Whitening) Jung et al.,
2000)olgk= §ol= ARRHETIE SilE ), $
guitell A= 1970t A E o] =S (Kim
and Kim, 1998) .2 Z&slo] sioF BejA 5
g Avsh= AR Sl SAleA & o
2 7 @ gojso] Ak dds AW
sh7] Qe AREEEH], AR 2 24 A=
o] gt ST AdF et e g WEkE <l
3 st fHaeta e theRdol AskE=
FAS Al 'Sl F < 74 (Kelp Forest
Decline)' v} 47| &%X](Urchin Barrens)',
T8 g 2% A 9ok AMdstE Qs
Abso] gEEo] AstEo] At ke
ZW7F AAEEA AbS xSkl Wshs |
Aol “Ats W3} Ak (Coral Bleaching)'(Jung
et al., 1998) So| & afek AeiAl vk
HE AR A g2 NgoR AR
Hrk o] e A5 TR Y
A Y] 28} 7]l Aze s v,
aeF Ao s THEsehe aRlew A
s},

Mg ofe 7H] H5EEQ1 dQlow Ay
sh= Zlow A ok xR = i
(Steneck et al., 2002), A2}z Ik
A+ 2x° A (Hoegh—Guldberg et al.,
2017), FAAMSZFe] WA A% (Hwang
et al, 2017), t7] & olrtsbeti ool wh
£ g9k A3} (Gao et al., 2019), dligk EA4]
M Qs 2ddY FYUung et al,
1998), H3x7 4t 2 (Park and Lee,
2023), Z8]al 7ol FdE 38t vEE
Qlst skl ek 7 W3k (Kessouri et
al.,, 2021) S°] T2 QQloF eIty I
A FETF fraste] Ashs AARREA
(Hypoxia) (Diaz, 2001)°ly, <= & w4
9 S5 V=R Agt  dd (Marine
Snow) (Alldredge and Silver, 1998) @A} <
Al EF A= AAAE W
Frks TSl aaEolth

olggt Mg AN A=

=
sk Ahgel uzZs Jehlls Fa3k AR,

3 AeiAl BEol Hdel s Fag &
E Zterth AssE dxw AR ohvet
e T AZskAl Aslisk, AaAow
e AEAE st BAIE obIskEE
(Paulus, 2021; Ward et al.,, 2022; Kay et
al., 2023) ol EUHHst] @S
T oth B 7] F olaksleka s =0 Fkek
U3k do] QloJ(Andres et al., 2012;
Gao et al., 2019), 715 WHg7} s e A
of mA= W AR R Tetd 4 gla,
Y v A Vss As] s A
HolT FQ3t SAE AlTsht & A%st @
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AF1e] 7Rkl Hth AmFo] Xside] wet
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(Satpati et al., 2022). HE9o], A=2 =X
2 AR EES Y e 2 T A
o FHLlsh g TR 4TS
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SIA B} (Barbier, 2017). ol&dt A+t
A QIREAEOA Bl #HE W B HERS
Hok= bl dast tolHE AleahH (Evans et
al., 2024), aF AYefAL] E33st sz
st olalE HAsr7lE T8 Vx AEE
82 4 Qlh(Veldsquez et al.,, 2020; Van
de Putte et al., 2021).
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TABLE 1. Study areas and survey periods
Survey Period
Area 2014. 2015, 2016. 2017. 2018 2019. 2020. 2021. 2022.  2023.
08~12 08~12 06~12 05~11 05~12 03~11 06~11 06~11 05~11 06~11
Eat ULL, GOS O O O
SOK, YNG, GAN, DON, SAM, YEO,
Sea ULJ, POH, GYE, ULS O O O O
JAW, DEO, TAE, GAE, BAE, SUN,
West SAP, HOD, ECH, OYE, NOK, GWA,
Sea BYE, WID, MYE, ANM, SON, SEO, @) @)
BIG, DOC, SAN, HAJ, HEU, HON,
GAG
ULS O O
BUS O] O] O] O]
South
Sea YEO, SUN, BOS, GOH, JAN, GAN,
WAN, HAE, CHA, GEO, TONG, O @) @) O
SAC, GWA, GOS, NAM, HAD
JEJ @) @) O O O O
Joiu SEO O] O] O] O]
HAN, HAL, AEW, JOC, GUJ, SES, 0
PYO, NAM, AND, DAE
Abbreviation codes for locations
Code Location Code Location Code Location Code Location
ULL Ulleungdo GOS  Goseong County ~ SOK Sokcho City YNG Yeongyang County
GAN Gangneung City DON Donghae City SAM Samcheok City YEO Yeongdeok County
uLJ Uliin County POH Pohang City GYE Gyeongju City uLS Ulsan City
JAW Jawoldo DEO Deokjeokdo TAE Taean GAE Gaeuido
BAE Baekado SUN Seonyudo SAP Sapsido HOD Hodo
ECH Eocheongdo OYE Oeyeondo NOK Nokdo GWA Gwanrido
BYE Byeonsan Peninsula WID Wido MYE Myeongdo ANM Anmado
SON Songido SEO Seogeochado BIG Bigeumdo DOC Dochodo
SAN Sangjodo HAJ Hajodo HEU Heuksando HON Hongdo
GAG Gageodo BUS Busan City YEO Yeosu City SUN Suncheon City
BOS Boseong County GOH  Goheung County  JAN Jangheung County GAN Gangjin County
WAN Wando County HAE Haenam County CHA Changwon City GEO Geoje City
TON Tongyeong City SAC Sacheon City GWA Gwangyang City NAM Namhae County
HAD Hadong County JEJ Jeju City SEO Seogwipo HAN Hangyeong—myeon
HAL Hallim—eup AEW Aewol—eup JOoC Jocheon—eup GUJ Gujwa—eup
SES Seongsan—eup PYO Pyoseon—myeon  NAM Namwon—eup AND Andeok—myeon
DAE Dagjeong—eup
FAP e B, a‘a%% P Hlolels Az
Bl 20m $7A 160 AER, dals 5
L. 7] A 10m7HA] 485 AEF, AFE £ 20m7t
Zad d2 = Cessnarlbolld Alzbsk A 70 AERHS] IS 2709 2234 (G
T206H Stationair B4 &7 Aztsle] o 1) E ARgsle] GPS/INSS 3 #HEH T




YREEY 4 T U Gt Wesel A Wy RH004202) / YHE HYT UEL OVH- YRS WS AW 57

TABLE 2. Specifications and features of hyperspectral sensors

= CASI—1500(ITRES, 2019) AisaFENIX1K(SPECIM,2022)
HZAT TTRES SPECIM
A1zt 20144 ~ 20014 2002 ~ 2023
= He 380nm ~ 1,050nm 380nm ~ 2,500nm
. - . 7|
23y 4 %|CH2887H(ITRES, 2019) svvm:zzwﬁ(sygéx:w 2022)
23 AT 2 dnm ~ 9.6nm \ém{ ﬁm
ZZh A 1,500 ZA 1,024 T4
AOFZHFOV) 40% 40
8 Hol 14-bit(ITRES,2019) ngv'fé' %‘E’itt
185 g AA- HY A2 UNIR 2 SWIR HI0|H SA| 35
=4 =2 A5 of &2H|(SNR) =2 7|5 f°”‘* ok
SASI-6002t ZE5104 VNIR-SWIR & #{Hz2|X| M| 2 CIsH GNSS/IMU AAEILO| OIE{|0|A R

TABLE 3. Specifications of GPS/INS system for geometric correction

AEJI
a5 O ordTechmcalg?(lTuéloZ%sjl) Survey+AIZ ApplanixAte] POSAV(Applanix,2022)
e 98 AAE GPS, GLONASS, GALILEO GPS, GLONASS, GALILEO
1% F&te (DGPS JIF) +0.4m(OXTS,2029) +0.4m(Applanix, 2029)
2. dlolg A A 543 #9 dom e WAL 4 T)s
FTZEFANN A5E e WAyrjer AR shed RS Eashal gd. WA o
/A7V/FaRAed B 22 g A 7] F olol2E Bl TRkl Sel dl=re Al
HAL Ax okl W A=l Ba oy 1) S5 AAsk, Al SA wE AE s
S B3 HEAHQ A=G Wo] wEgAor r HASH, B k] mE A WsE St
=53k 2 RASSIHE o] T dF= Al A Wl B
d 7ls= 8l AU
D WAY718F BA WAL S el AAEE 140 E, 12°]E,

o
3| 16HE 7] A $X (DN, Digital

______ N
Hyperspectral Radiometric/ . ) Bedrock/ 1
. Atmospheric Sun-ghnt L
Image Geometric . . Column Whitening |
- Correction Correction . I
Collection Correction Correction Classification |1
_— ==
T
{ . Training e A !
Definition of Classification 1 1
. —> Sample > .
| Classification X by Matenals 1 1
Collection
I , Lo
| v Iq- -
| . Vector Data 1
Revision and
| . > (Seafloor I
Editing L
\ Whitening) ]
N o e e e o ————— -

FIGURE 1. Image processing procedure
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Number) & EA}%EXE (Irradiance) o= #
sy 718t g GPS/INSE AMgsl &
5718 A2k AAl, Tl wisRSE, Aok
zt, 2747154, DEM &9 AJHE o] &3t
Boresight Calibrations %3 a3 29 A
AA e GPS/INS =] 2ol mAghk o] Az}
7] AA WstE Qs Ak s|dH AF
olF HAsto] FF 7t d=rE FHA
slatgict. ol& flaE ARHIHAE dide
2 7+ FAA] 10~1171¢ Tie PointE A
st AJgkst RAS A

-
B
Ao A= MODTRAN-5 EAldgre 7]
HHe] ATCOR—4 Z213& ARgste] tj7)
HAAE Tt ty] BAEES S8 2%
Ao ZHe] Al Al R (AA ] 71818
T4, 2 A9 AA, 4 FE0V), vl

L, #3Y Zw, ARE AAe EF 54 ),
Oxdg 1% R (DEM), =] 78k 4

B, A B A5, FLE s 2
(BRDF, Bidirectional Reflectance
Distribution Function) & QgAl5=z &84-3F
oItk
AT

3) WAL B (Sun Glint Correction)

SRR B2 mdolA ekl HA
HEALE o] whAishe | S=A) 9] F4gk HiAL 54
=3 toh FHdA} B LS o] F AASH=
T HAAHY FPeR B AFANE
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N2 ZALJHANIR) ey 7RA34d Y
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o] U3 AL 7 307 kAl F WAL

e fEA Al 7 Ve 2 54
w3 (SAM:  Spectral

Mapper) <385 Kruse et al,
1993)& AHE3te], el st ok 9 74

=
l
& $RE S SAM QuFe 7 g

™ =

&0 B B AW B 5 719 2

55 ARxksle, A45rF 7P 22 7]l et

stas ERshs Aotk 7] & Adfel=
3

Py RS W B34 WMol 8| eRFd 3

(Majority filtering) (Kim, 1996)& #-&3}o]
Vi Ayl dede Suisleiith B o
v A= Az} (raster) F2| o2 WE Uo]g
2 Hgsle] dolE £ Fola, e AR
oke] T3S folsk skt

AN BRE O dabe S o] 9
3 ookt A AP RS Egele] FEoR
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HE X]od& B 4o b B3t e
= 7] wiitel, meju Wyl Wask AAE 4
- wpeba] WEskE okt 5 Ayl 4 Af
FTHsl] ohE W MmSS A8 0B
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1. 3ot =g wWsl 40 2014-2022d
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o= ZAF WAo] 12,372.1 ha® 7HAs9A
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TABLE 4. Criteria for determining coralline algae bleaching using hyperspectral aerial
imagery (Korea Fisheries Resources Agency, 2016)
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FIGURE 2. Whitening status of the East Coast
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3
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TABLE 5. Results of the whitening status of the East Coast (2014)

AREA(ha) PERCENTAGE (%)
Bedrock Normal In—Progress Severe Normal In—Progress Severe
ULL 885.2 618.6 57.0 209.7 69.9 6.4 23.7
GOS 1,414.6 546.2 655.0 213.4 38.6 46.3 15.1
SOK 295.1 1.4 265.4 28.4 0.5 89.9 9.6
YNG 1,184.3 572.5 407.3 204.6 48.3 34.4 17.3
GAN 1,180.6 613.5 373.8 193.4 52.0 316 16.4
DON 306.5 124.8 143.6 38.1 40.7 46.9 12.4
SAM 943.3 362.2 298.0 283.1 38.4 316 30.0
YEO 1,344.1 508.3 278.9 556.9 37.8 20.8 1.4
uud 1,296.2 525.3 357.0 413.9 40.5 27.6 31.9
POH 4,203.0 764.4 549.7 2,888.9 18.2 131 68.7
GYE 1,734.2 608.0 632.8 493.4 35.1 36.5 28.4
ULS 1,115.8 139.8 420.0 556.0 12.5 37.6 49.9
Total 15,903.1 5,385.0 4,438.4 6,079.7 33.9 27.9 38.2
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TABLE 6. Results of the whitening status of the East Coast (2017)
AREA(ha) PERCENTAGE (%)
Bedrock Normal In—Progress Severe Normal In—Progress Severe
ULL 802.5 634.4 68.2 99.9 791 8.5 12.4
GOS 848.6 452.5 291.5 104.6 53.3 34.4 12.3
SOK 314.8 140.8 147.6 26.4 44.7 46.9 8.4
YNG 425.9 225.0 102.3 98.6 52.8 24.0 23.2
GAN 669.9 416.0 131.3 122.6 62.1 19.6 18.3
DON 207.3 117.8 74.2 15.3 56.8 35.8 74
SAM 580.1 325.5 105.9 148.7 56.1 18.3 25.6
YEO 700.5 326.7 168.2 205.6 46.6 24.0 29.4
uLJ 827.0 4414 238.3 147.3 53.4 28.8 17.8
POH 4,086.3 1,532.6 1,033.4 1,520.3 37.5 25.3 37.2
GYE 768.6 384.2 219.8 164.6 50.0 28.6 21.4
ULS 1,456.5 622.3 460.6 373.6 421 31.6 25.7
BUS 684.1 414.0 189.2 80.9 60.5 21.1 11.8
Total 12,372.1 6,033.2 3,230.5 3,108.4 48.8 26.1 25.1
TABLE 7. Results of the whitening status of the East Coast (2019)
AREA(ha) PERCENTAGE (%)
Bedrock Normal In—Progress Severe Normal In—Progress Severe
ULL 794.7 650.6 %.6 49.5 81.9 1.9 6.2
SOK 358.1 190.4 112.3 55.4 53.2 31.4 15.4
YNG 468.2 270.1 112.0 86.1 57.7 23.9 18.4
GAN 853.0 514.2 190.2 148.6 60.3 2.3 17.4
DON 638.4 369.8 180.1 88.5 57.9 28.2 13.9
SAM 652.2 404.2 153.3 9%.7 62.0 23.5 14.5
YEO 789.3 378.4 182.9 228.0 47.9 23.2 28.9
uLJ 1,004.2 494.9 248.5 260.8 49.3 24.7 26.0
POH 4,263.1 1,734.0 1,457.0 1,072.1 40.7 34.2 25.1
GYE 773.2 414.6 207.2 151.4 53.6 26.8 19.6
ULS 1,686.7 825.9 446.0 414.8 49.0 2.4 24.6
BUS 1,144.0 695.2 279.3 169.5 60.8 24.4 14.8
Total 13,425.1 6,942.3 3,603.4 2,819.4 51.7 27.3 21.0
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TABLE 8. Results of the whitening status of the East Coast (2022)

AREA(ha) PERCENTAGE(%)

Bedrock Normal In—Progress Severe Normal In—Progress Severe
ULL 800.8 602.7 12.7 85.4 75.2 14.1 10.7
SOK 405.5 183.2 152.7 69.6 45.2 37.1 17.2
YNG 440.3 223.0 134.7 82.6 50.6 30.6 18.8
GAN 1,042.7 533.9 325.4 183.4 51.2 3.2 17.6
DON 7211 380.4 214.3 126.4 5.8 29.7 17.5
SAM 7211 380.4 214.3 126.4 5.8 29.7 17.5
uLJ 1,055.9 493.3 269.3 293.3 46.7 25.5 271.8
YEO 767.5 333.2 215.6 218.7 43.4 28.1 28.5
POH 4,556.3 1,968.6 1,705.1 882.6 43.2 374 19.4
GYE 839.1 4429 259.5 136.7 5.8 30.9 16.3
ULS 2,086.1 1,061.9 685.6 338.6 50.9 2.9 16.2
BUS 1,602.6 938.7 478.6 185.3 58.6 29.9 11.5
Total 15,522.5 7,665.4 4,974.8 2,882.3 49.4 2.0 18.6
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TABLE 9. Results of the whitening status of the West Coast (A=2020 and B=2022)

AREA(ha) PERCENTAGE (%)

Bedrock Normal In—Progress Severe Normal In—Progress Severe

A B A B A B A B A B A B A B
JAW 2.2 0.2 2.1 0.2 0.1 0.0 01 00 %0 9.3 2.5 3.0 2.5 1.7
DEO1 31.3 04 284 04 05 0.0 24 00 909 93.1 1.5 3.4 7.6 3.4
DEO2 3.7 0.1 35 0.1 0.1 0.0 00 00 972 89.2 1.5 6.3 1.3 3.6
TAET 2.3 05 292 05 24 0.0 0.7 00 905 9.7 7.3 4.6 2.2 3.7
TAE2 37.4 04 337 0.3 1.3 0.0 23 00 92 2.8 3.5 4.8 6.2 2.7
GAE 36.1 04 352 0.3 0.5 0.0 04 00 974 93.0 1.5 4.5 1.1 2.5
BAE1 11.0 0.1 10.1 0.1 0.5 0.0 03 00 923 88.3 4.7 6.8 2.9 49
BAE2 1.2 0.1 10.1 0.1 0.7 0.0 05 00 836 89.8 5.8 6.5 4.6 2.8
SUN 14.3 0.1 12.4 0.1 1.3 0.0 0.7 00 8.6 89.2 8.8 6.5 4.5 4.3
SAP 25.6 04 241 04 06 0.0 09 00 941 911 2.5 4.7 3.4 4.2
HOD 12.8 0.3 12.7 0.3 0.0 0.0 01 00 93 9.5 0.2 2.7 0.5 1.9
ECH 9.5 0.5 9.4 05 01 0.0 00 00 989 2.5 0.7 4.2 0.4 3.1
OYE1 13.3 0.2 12.1 0.2 0.6 0.0 05 00 912 93.3 4.8 4.5 3.9 2.2
OYE2 14.5 0.1 14.5 0.1 0.0 0.0 00 00 996 9.1 0.1 2.8 0.3 2.1
NOK 5.4 0.1 47 0.1 0.4 0.0 02 00 8.0 89.1 8.0 7.3 4.0 3.6
GWA 6.4 0.1 6.0 0.1 0.1 0.0 02 00 %3 2.1 2.0 3.6 3.7 4.3

BYE 156 05 149 04 04 0.0 04 00 9%2 97 2.3 4.3 25 41
WID1 76 02 167 02 03 0.0 07 00 949 943 1.4 3.8 37 19
WID2 113 03 105 02 04 0.0 03 00 97 908 3.3 4.4 3.1 4.8
MYE 24 03 14 02 05 0.0 05 00 90 9.2 4.3 5.5 37 33
ANM1 13 01 9.6 01 07 0.0 1.0 00 8.0 886 6.2 8.6 88 38
ANM2 195 02 185 02 03 0.0 07 00 946 893 1.5 47 38 65

SON 9.2 0.1 8.8 01 04 0.0 01 00 948 %5 3.9 3.4 1.3 34

SEO 5.6 0.1 4.6 01 05 0.0 06 00 8.3 902 8.6 59 101 39
BIG 22 01 12 01 04 0.0 07 00 911 91.9 3.6 5.4 53 41
DOC 9.3 0.1 8.5 01 06 0.0 02 00 9.7 902 6.7 7.6 27 33
SAN 8.7 0.1 8.0 01 04 0.0 03 00 918 901 4.5 5.6 3.6 42

HAJ 7.3 0.1 6.7 01 02 0.0 03 00 925 918 3.0 41 45 41
HEU1 4 02 104 02 03 0.0 06 00 917 88 2.8 5.6 55 52
HEU2 9.6 0.2 8.5 02 07 0.0 05 00 @82 8.8 6.8 5.9 50 73
HONT 8.6 0.3 7.7 03 05 0.0 04 00 83 926 6.2 4.7 45 27
HON2 27 03 18 02 04 0.0 05 00 930 898 3.1 6.4 38 38
GAG1 154 02 144 02 04 0.0 06 00 936 946 2.4 1.2 40 48
GAG2 5.7 0.1 5.2 01 02 0.0 02 00 92 923 3.8 4.4 40 33
Total 4701 7.6 4354 69 167 04 180 03 %26 917 3.6 4.7 38 36
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TABLE 10. Results of the whitening status of the South Coast (2015)

AREA(ha) PERCENTAGE (%)

Bedrock Normal In—Progress Severe Normal In—Progress Severe
YEO 1,449.1 870.0 435.5 143.5 60.0 30.1 9.9
SUN 0.7 0.7 - - 100.0 0.0 0.0
BOS 24.2 24.0 - 0.2 9.2 0.0 0.8
GOH 630.8 558.3 56.1 16.5 88.5 8.9 2.6
JAN 33.2 2.9 - 0.2 99.1 0.3 0.6
GAN 7.2 6.7 - 0.5 93.1 0.0 6.9
WAN 1,515.7 1,245.7 185.9 84.1 82.2 12.3 5.5
HAE 207.3 187.2 5.1 15.0 90.3 2.5 7.2
JEJ 247.5 176.6 50.2 20.7 n4 20.2 8.4
ULS 291.8 57.3 167.9 66.6 19.6 57.6 22.8
BUS 1,012.1 582.1 3147 115.2 57.5 311 1.4
CHA 108.8 74.2 25.5 9.1 68.2 23.4 8.4
GEO 726.6 301.1 227.5 198.0 1.4 31.3 27.3
TON 1,176.8 793.5 167.4 216.0 67.4 14.2 18.4
SAC 143.2 134.4 5.6 3.2 93.9 3.9 2.2
GWA 0.5 0.5 - - 100.0 0.0 0.0
GOS 159.6 142.2 12.9 4.5 89.1 8.1 2.8
NAM 433.7 262.5 11.2 60.0 60.5 25.7 13.8
HAD 65.2 46.6 9.7 8.9 7n.5 14.8 13.7
Total 8,234.0 5,496.5 1,775.2 962.2 66.8 21.5 1.7

TABLE 11. Results of the whitening status of the South Coast (2018)

AREA(ha) PERCENTAGE(%)
Bedrock Normal In—Progress Severe Normal In—Progress Severe
YEO 1,563.8 1,306.8 173.2 83.9 83.6 11.0 5.4
SUN 2.9 2.9 - - 100.0 0.0 0.0
BOS 26.6 24.5 1.8 0.3 2.2 6.9 0.9
GOH 885.1 853.2 20.5 1.4 %.4 2.3 1.3
JAN 3.5 25.8 4.8 0.9 82.0 15.2 2.8
GAN 8.3 7.1 0.9 0.3 85.3 10.7 4.0
WAN 1,516.5 1,363.7 105.4 47.4 89.9 6.9 3.2
HAE 169.0 155.7 8.6 4.8 R.1 5.1 2.8
CHA 89.3 73.4 12.3 3.7 82.2 13.7 41
GEO 663.2 564.8 £5.1 33.3 85.2 9.8 5.0
TON 1,071.0 864.3 152.6 54.2 80.7 14.2 5.1
SAC 150.5 144.2 3.4 2.9 9.8 2.3 1.9
GWA 0.1 0.1 - - 100.0 0.0 0.0
GOS 141.4 129.6 7.8 4.0 9.6 5.6 2.8
NAM 479.4 405.6 53.4 20.4 84.7 1.1 4.2
HAD 43.8 37.8 3.9 2.1 86.3 8.9 4.8

Total 7,170.9 6,209.8 666.6 294.4 86.6 9.3 41
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TABLE 12. Results of the whitening status of the South Coast (2019)

AREA(ha) PERCENTAGE (%)

Bedrock Normal In—Progress Severe Normal In—Progress Severe
YEO 1,948.3 1,654.90 173.3 120.1 84.9 8.9 6.2
SUN 1.2 1.2 - - 100.0 0.0 0.0
BOS 31.8 29.5 2.1 0.2 92.8 6.6 0.6
GOH 915.6 861 36.1 18.5 941 3.9 2.0
JAN 44.6 40.9 1.7 2.0 9.7 3.8 4.5
GAN 1.4 10.4 0.8 0.2 91.2 7.0 1.8
WAN 2,290.1 2,000.4 141.6 82.1 90.2 6.2 3.6
HAE 179.9 161.4 11.6 6.9 89.7 6.5 3.8
JEJ 8,433.0 5,600.1 1,816.8 1,016.1 66.4 21.5 12.1
SEO 6,890.8 4,620.80 1,597.20 672.8 67.1 23.2 9.7
CHA 122.0 106.7 10.9 4.4 87.5 8.9 3.6
GEO 726.6 628.3 63.7 34.6 86.5 8.7 4.8
TON 1,203.4 1,012.9 101.9 88.6 84.1 8.5 7.4
SAC 165.3 155.8 6.0 3.5 94.3 3.6 2.1
GWA 0.5 0.5 - - 100.0 0.0 0.0
GOS 166.4 157.6 5.7 3.1 94.7 3.4 1.9
NAM 558.0 458.9 85.0 141 82.2 15.3 2.5
HAD 47.3 43.3 3.5 0.5 91.5 7.4 1.1
Total 38,305.3 25,248.1 8,000.6 5,056.6 65.9 20.9 13.2

TABLE 13. Results of the whitening status of the South Coast (2022)
AREA(ha) PERCENTAGE (%)

Bedrock Normal In—Progress Severe Normal In—Progress Severe
BUS 443.6 346.1 67.0 30.5 78.0 15.1 6.9
CHA 127.6 107.6 14.6 5.4 84.4 1.4 4.2
GEO 745.9 610.9 92.7 42.3 81.9 12.4 5.7
TON 1,282.8 1,089.5 125.6 67.7 84.9 9.8 5.3
SAC 169.2 160.7 5.3 3.2 9.0 3.1 1.9
GWA 0.1 0.1 - - 100.0 0.0 0.0
GOS 252.2 234.7 12.6 4.9 93.1 5.0 1.9
NAM 563.2 453.9 98.6 10.7 80.6 17.5 1.9
HAD 46.3 42.8 3.3 0.2 2.4 7.2 0.4
YEO 2,054.5 1,716.2 222.6 115.7 83.5 10.8 5.7
SUN 1.1 1.1 - - 100.0 0.0 0.0
BOS 35.0 33.0 1.8 0.2 %.3 5.1 0.6
GOH 1,024.0 943.7 63.7 16.6 2.2 6.2 1.6
JAN 4.3 38.1 2.1 1.1 2.3 5.1 2.6
GAN 1.1 10.2 0.7 0.2 9.9 6.3 1.8
WAN 2,355.5 2,111.1 168.9 75.5 89.6 7.2 3.2
HAE 187.7 166.4 15.6 5.7 88.7 8.3 3.0
Total 9,341.1 8,006.1 895.1 379.9 86.4 9.6 4.0
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FIGURE 5. Whitening status of Jejudo

TABLE 14. Results of the whitening status of Jejudot (2016)

AREA(ha) PERCENTAGE(%)
Bedrock Normal In—Progress Severe Normal In—Progress Severe
HAN 995.3 713.1 175.7 106.4 i 17.6 10.7
HAL 1,689.4 1,371.9 148.9 168.6 81.2 8.8 10.0
AEW 862.7 477.8 135.9 249.0 55.4 15.7 28.9
JEJ 1,226.1 551.8 185.3 489.0 45.0 15.1 39.9
JOC 833.0 479.3 170.9 182.7 57.5 20.6 21.9
GUJ 2,788.1 1,818.9 440.4 528.8 65.2 15.8 19.0
SES 1,442.0 998.5 309.6 133.8 69.2 21.5 9.3
PYO 735.9 460.7 210.3 64.9 62.6 28.6 8.8
NAM 1,298.0 770.8 424.5 102.6 59.4 32.7 7.9
SEO 1,551.8 992.7 442.3 116.9 64.0 28.5 7.5
AND 639.1 472.4 117.2 49.6 73.9 18.3 7.8
DAE 1,518.7 968.6 253.8 296.3 63.8 16.7 19.5
Total 15,580.0 10,076.6 3,014.7 2,488.7 64.7 19.3 16.0
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TABLE 15. Results of the whitening status of Jejudot (2021)

AREA(ha) PERCENTAGE (%)

Bedrock Normal In—Progress Severe Normal In—Progress Severe
HAN 1,054.8 609.8 211 233.9 57.8 20.0 22.2
HAL 1,478.2 912.8 229.8 335.6 61.8 15.5 22.7
AEW 881.7 514.6 151.8 215.3 58.4 17.2 24.4
JEJ 1,738.8 974.7 317.3 446.8 56.1 18.2 25.7
JOC 848.4 494.4 152.0 202.0 58.3 17.9 23.8
GUJ 2,927.4 1,981.4 484.7 461.3 67.7 16.5 15.8
SES 1,622.9 1,063.3 2317.3 322.3 65.5 14.6 19.9
PYO 734.8 43.2 146.2 175.4 56.2 19.9 23.9
NAM 1,407.4 782.7 353.6 271 55.6 25.1 19.3
SEO 1,597.9 899.7 325.7 372.5 56.3 20.4 23.3
AND 567.3 337.5 110.5 119.3 59.5 19.5 21.0
HAE 1,542.8 934.2 188.8 419.8 60.6 12.2 27.2
Total 16,402.4 9,918.3 2,908.8 3,575.3 60.5 17.7 21.8

TABLE 16. Results of the whitening status of Jejudot (2023)

AREA(ha) PERCENTAGE (%)
Bedrock Normal In—Progress Severe Normal In—Progress Severe
HAN 10.5 5.9 2.3 2.3 56.2 21.9 21.9
HAL 14.8 9.6 2.8 2.4 64.9 18.9 16.2
AEW 8.9 5.7 1.8 1.4 64.0 20.3 15.7
JEJ 12.0 6.9 2.5 2.6 51.5 20.8 A7
JOC 8.6 4.9 1.9 1.8 57.0 22.1 20.9
GUJ 29.0 18.7 6.4 3.9 64.5 22.1 13.4
CHU 6.0 4.2 1.3 0.5 70.0 1.7 8.3
SES 16.2 10.4 3.1 2.7 64.2 19.1 16.7
PYO 7.5 4.1 1.6 1.8 54.7 21.3 24.0
NAM 141 8.1 2.9 3.1 57.4 20.6 2.0
SEO 15.9 9.2 3.4 3.3 57.9 21.3 20.8
AND 5.7 3.1 1.7 0.9 54.4 29.8 15.8
DAE 15.5 9.6 3.8 2.1 61.9 24.6 13.5
Total 164.7 100.4 35.5 28.8 61.0 21.6 17.5
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FIGURE 6. Whitening status of the coast of Jeju City
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