'.) Check for updates

gh=tal| 2k 2HA - of| L x| 53] K| https://doi.org/10.7846/JKOSMEE.2023.26.1.102
J. Korean Soc. Mar. Environ. Energy ISSN 2288-0089(Print) / ISSN 2288-081X(Online)
Vol. 26, No. 1, 102-113, February 2023
Original Article |
COVID-19 HHel|=] ] uhE 3lj217d s)e} A 3
sfelzi7 A A4

SN ASA IS B} - 7S A
Weufshy ATERTEE et
wgdjet BEARARIG AT
sjgojstn AR as

Impact of the COVID-19 Pandemic on the Marine Environment and
Ecosystem: Application of the Ocean Health Index

Hyunseo Song', Useong Seo’, Shin Yeong Park’, Inha Kwon', Taewoo Kim?, and Jong Seong Khim®*'

'Graduate Student, School of Earth and Environmental Sciences & Research Institute of Oceanography,
Seoul National University, Seoul 08826, Korea
?Post-doctoral researcher, Blue Carbon Research Center, Seoul National University, Seoul 08826, Korea
*Professor, School of Earth and Environmental Sciences & Research Institute of Oceanography,
Seoul National University, Seoul 08826, Korea

Q2 9

FAXEE e A&7Fed 2E 93 ARV vk BEk RS AAS 1 53Xl 2451 f8) ookt =
& 7101 ot 23y FAIAEE]7E COVID-19 Rl ol 2hskA HdA s 24071 kgl ook & 4
T e #7424 (Ocean Health Index, OHI)2] X A5 10718 083519 20120455 20207141 2] dgil=a}
AAA =719 sj90734E A 02 Hrlsa vlw $45130. di#tl=e] CcoVID-19 24 2(20194)7 $(2020
9)] GRS F3 8 A HEhe AFEE(-1.08), TF Y 97H-0.66), “BETFI(-0.11y, A4 (0.02),
ARE 2(0.197, ‘A9 713(0.19y, “VAE(4.46) =27 et} dighl=e] i A%y <At B3 3
T A7 H5317] gl =55 X35ler o] &5l digt A77 oot di@u g Aks 37381 8l
= 37k F°lA COVID-19 o|F 7F & ¢4 24FE BRl 395 gAjoke] «<Agt B (4.02)%ch A
AAF L2 toe]] Xsh= difie] Ayt A& o R 28 k7P dATE Bolr olZel7E A|8lslal OECD
710l #L gol7H-0.69)%F L AlohoK-0.54)004 Be AFAZAYASTT} 71 IA AT tiFN=e)
ok Ael, ALZ) 2 A A AR @32 H7lska COVID-19 WY 2] mitel e ka7 sl glsie] 3
Eof] ZFo] Qg EX FES TAZIGL. £ AT Fas IF AP0 A&yted HaS 8 ey 4T
o 71zHelE|E 49 F S Aot

Abstract — The international community has been making various efforts to signpost and achieve goals for sustain-
able development of the ocean. However, in the face of the COVID-19 pandemic, marine environmental problems
have worsened. In this study, the ocean health of Korea and other countries from 2012 to 2020 was quantitatively
evaluated, compared, and analyzed using the 10 goal scores of the Ocean Health Index (OHI). Before(2019) and
after (2020) the COVID-19, Korea’s OHI score changes were: food provision (-1.08), tourism & recreation (-0.66),
biodiversity (-0.11), sense of place (0.02), clean water (0.19), artisanal opportunities (0.19), natural products (4.46),
with the absence of data for carbon storage and coastal protection. During the COVID-19, Russia’s OHI score for
coastal protection (-4.02) decreased the most. Yet globally, most of the island countries consistently showed high
indices, excluding Africa (-0.2), South America (-0.69) and Oceania (-0.54); continents with fewer OECD mem-
bers showed the largest decline on average. Through this, we evaluated the current status of Korea's marine ecol-
ogy, society and economic system, and changes caused by the COVID-19 pandemic were identified to specify
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target goals that require recovery. The results of this study can be used as basic data in future direction research for

sustainable conservation of the marine environment.

Keywords: Ocean health index(3l]| %371 7343 2] ), Sustainable development goals(#] 47127 £ 3%), COVID-19
(Z24-19), Coastal management (F<F #2]), Coastal protection(S} B.5)
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2015 The united nations(UN) 33 & &3l =AXES7} 2030
7] 3525 @Afliof & &7 5 EH (Sustainable development
goals; SDGs) 17717} AIA = SITHUN[2023)). 1771 H¥& 5714
(R, A, Y, B3, EUADE W AR Yekd ke
AAEL ZF Fxnic) o] FAEQL YEE F2 AT FEE 74
gk 171K 58 F kD 3 BEE 1490 R ook, vl
YA B3 3 X&71sst o] 5o 8- 21 Aok %S
A7hE EFE TFst AES] AMARolH N, 7|15, A5, 54 5
17t 48 FHshet T A LS ATt 197] gEe]
olgi® AHeE AT Belshs 2ol AE7Fsd m|Ee] Alo]
ot Oi#nl=s =5 oS dA|R}s) ulawl Fol Fojst] =7}
217 o] 5= Korean-Sustainable Development GoalsE =H35+51
o} g 1449 A EA B SR gAE] s o)
A AFERE YL vk AMA AFER S} e
SHEARYE YR BAS S AAAE FHIHE 2
4317] 3 F2%7}F A7 (Water quality index)S 53 3% 2
T2E #Esta YA AAZA BAF @FE o] 8-E 4
3 YRS AW W3S gtk 59 xS 71E0]1 3t

Zhare] A7t A&7Fed B A8 e 7Rl g%l
FAALE= COVID-19 9] o W3ttt COVID-19 #H=]
o1F, IAT2, LERlT T U3EF AT YEHIIE, &
A7 83 22 287] wiEe] F7kIAAM B2 FHFRAE 4o
ZThRaza et al[2023]). 53], 43§ 7HU-E KT 7 (personal
protective equipment) AH| 72 Q13 Bk oko] wAlEep g7}
AR BES A el 2Jal EA AulEe] Hol Aksd] ¥
AZ <] 43S v|ATH(Khan et al.[2023]). COVID-19= ZEAR2]
A7l AR S F B9 okt v EAA AEH A F
o] AA1AQ1 AL vIA 1 AY, ¥, F7] FA F BAFA 7
#Z FrH(Emanuel ef al.[2020]). B Yo7} Q171e] A7) A
B3 A9 vt 715k EA Ade) AluR] @3] ZEA|
I SITH(Giannetti et al.[2023]). ¥FE COVID-19 #H[9] 22 1%k
T FFY Zae HPPEAE RS F THEY 9%
A Zlolg} Adslgi o} 05|3 U3l 8 ZehAE 1Y) ARl
B ordA sekede] 7153 5 Stk 87t FEsIsich
(SRI[2021]). B3, Alska EepiE 2e)7) ge) 9 H7]9] 2342
sAstr] gt A7 AW TK(Siwal et al.[2021]). WA A
L IS SDGs ©]3 Wako 2 Yoprr] $8jAE CoVID-
19 gigE] o2 Qs LA W3lLE s dasof 57] wEel
@A UNS COVID-19 35 S3% o = 7471 SDGs AEF

AABEAL QIThSRI[2021]). A &=L At &S, FF 5
A, 3EIFFE, AYE, AFE7HAF, rANA Tk Tl o
3 FES thAke E COVID-19 AF F¢E gelsa gick,

gl st e E FRlshs THo R AYAAIAF
(Ocean health index; OHIY| 31t} sjeF7 921 20129 A
R ZE¥ 3] (Conservation International)?} v]= Atehlule} dishuc
Santa Babaraplt] 3570851 NatureS 33l '43E5}51c}(Halpern
et al[2012]). YT7HAA = Fgo] A7IA Al FE F A=
YL 17RAZ RS 2] digt Al I EE Fol £
A o= Byriet 7t B @A) B4 ofdz) v FE7HA 5
oksto] A4S H-o5ka SITHINCEAS[2023]). BA) sl17349A]
5 T8 AAA viE 23570 |G o Yo wiid Btk Q)
o}, dighel= E=5t 201295 A7 9] IR TE B3
ud F7hE 3 917] wlFel] COVID-19 oi&-3) A|F <l 202008 7}
oA Al7]E Hlwahd COVID-19 o] sl n|x= 9
= Feleh=t] 80|18 Zojn.

waha 2 d3e 532 1) COVID-19 Ady oz Qg &%
87 Al gigt 47 A5 ¥zt 14, 2) AT
%3l COVID-197} ti&9 = sdd7of v|X 9§ met, J8]x
3) =9 s vt digv=e] sigEE gkl
AAIBFLAL gk, £ AT A FF SDGs9) 148 HHQ Y
7 B4 oS §%t W Aol Z1zHolHE 842 5 9l
< Zlot.

2.2 2 g

2.1 COVID-19 Hj|2]e] 45}

A AA AMRAT= =k AA] Q172 40% oS 2R STk
LA 912w (MOF[2021]), 21T UNS A d el Al 7}
(Millennium Ecosystem Assessment)®l] 4] #| A3+ 3|2k 100 km
ol AF3h= F ATHIEE A ITHKMI[2016]). thetwl= o]
2021'd AMRITE= AR A7) oF 27%R1 1,4005F HelH 2018
At G FAARE FUFAAAES & 34%E AAEHT itk 1
U 558 A A3l e A AAE 25F, QT 193]
543t JaE) o), 71383} Fo = Q3 At #49] A&7t
T8 o]80] AT = AAItHKEI2016]). ©]¢l whe} st
= AN Alaak AEE FEAFe met 201106 1570299
SR T X3S 20204 3071470 HiF sty FEEA
At A2 AAE 753 THMOF[2021]).

2020 COVID-192 213 thghyl=olld 24,634,2965 2] Sz}l
28,2469 2| AAZL LS T ARS| R o2 & Wiglyl Loyt
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COVID-19 °]d o] gutEg3do] A3 sfeAly] wse B
gom FAE N9 FE BF $5EE AE 2k E9 3
SEAL] Hax 9 7], e ARF A AH|A Aol F4H
£ FFE BIATHKMI[2020]). ]2 3t soF # Alq] 9l A9
ANHERQ] 9% oA 19 Bl ofd Jo] YEREAIE
ol 17} Fit,

22 HES3 M

2 ATE g3 202085E 20213744 718 F@(Article
1,774, Review 298%, conference paper 254, book chapter 713,
note 339, conference review 287, editorial 223, letter 13, book
7R)NA “covid-19”, “environment”, “effect”S 7] Y == Scopus
A1 F 2,50071 (20201 6197, 2021 1,8817)] A&
Assitt. FAAE vlolHoll= AAL AlF, 29AE, SRR,
DOI, &5, 7|9)=7} 3o}, 2% 3¢ 719 == VOSviewer
software(Van Eck and Waltman[2014])S ©]-&-3}¢] FA|244(Co-
occurrence) 7|1 E HIEY A £4& S8}

COVID-197} 943t FEE S8 A7 el v)A]= FFL djelst
7] 9131 COVID-19 ©)31 (20182019 )5} 013 7)17H2020-2021%3)©.
= 0] “coastal management”E 7)== 4] £ 38}
R, FLs F4S ST AP vIER T BAPEE A S
T = 54 71920 =Y 9 BESS A wlEd ®
3 S5 o) go] B4E 7|9 EE Al 428 AL F7le
F5 AN wgEte] AdiEA A4S €918 5 3l 719
o] &9 7I=ES] €9 3s) AadE vidsie] FEsislt

2.3 SHYHT |+

Table 1. Description of 10 goals and subgoals comprising the OHI

e

& dyelie siZHRATE ol8sle] dERl=e s
A& A2 07 Fr}sIAthKMI[2018]). ABFAFAIAFE Azt
o] ultjeA AEjZ, AlE]3], BAE 2 P= AL 1019 BEE
LRI 02 100 Alole] A X3t 5 F3et Ao |th(Castro-
Cadenas et al.[2017)). A FAZYAF ExEE A FFF(Food
provision), G 412181 2] 7] 2](Artisanal opportunities), &1 $1-5(Natural
products), ¥4 A7H(Carbon storage), T8}t A A]/73 2 8-5(Coastal
livelihood & economies), % 2 ©17}(Tourism & recreation),
4~*](Sense of place), A2t X 3 (Coastal protection), 7] =5+ &
(Clean waters), 32T} (Biodiversity) © = 757 23 B¥=
AE-A oz Bl 319 BRE EITTHKAST[2021]).

AF S o4 o] (Fisheries)™ 4 (Mariculture)®] + 3}
9 FER A= A% 7Fstt s FEFE B <9
Aol 718 AR ool FAKE U= 78R A28
A&7V el 719kste] Hrisit, sitBEAL A Yo |
B2 A4 a7t A ALFs e S vl oE £
A7, A AR O] F 2AE Felshe Al 71 4t 4
HA 328, 454, Az A3 FuHE F718i At 4
A 73A B = YA (Livelihoods)2} 734 (Economies) 7 SH1E3E =
A= Sk FA Aol o= Al oA 1l A Hrls
B3 A 73S BrIslar AA A s BrkE Hd )
o7he oS T3 S| AIARE vt FasHA o7)1EA], B8
3la Z71:d| 2 7RIE Bk A S B3, rlEeR
AV 7IAE Fo 8 7 Ue A= A AEF (Iconic species)}
E83 A4 (Lasting special places) F SFIEEZ o] BA &
& Jrpsi, <At B3 HA ) v u s o A A4A7}

Goal Subgoal Abbreviation Description
Food provision FP The ability to sustainably maximize the amount of seafood from wild-caught and marine aquaculture
Fisheries FIS The ability to sustainably maximize the amount of seafood from wild-caught fisheries
Mariculture MAR  The ability to sustainably maximize the amount of seafood from marine aquaculture practices
Artisanal opportunities AO The opportunity for small and local scale fishing to supply catch in each country
Natural products NP The sustainably of extracting natural resources from living marine resources
Carbon storage CS The condition and area of carbon store area such as mangrove, seagrass, salt marsh
Livelihoods & economies LE Livelihoods (employment) and economies (income) dependent on marine sectors
Livelihoods LIV Livelihoods (employment) dependent on marine sectors
Economies ECO  Economies (income) dependent on marine sectors
Tourism & recreation TR The number and quality of tourists who have for experiencing and enjoying coastal areas
Sense of place SP The conservation of iconic species and special places that have culture value
Iconic species ICO The conservation of iconic species that have culture value
Lasting special places LSP The conservation of special places that have culture value
Coastal protection CP The ability of the habitats to physically protect incoming waves
T T— cw z:s?cairgirzz lrlmzu'im: pollution by chemicals, eutrophication, harmful algal blooms, disease patho-
Hiodivenily BD "él'.l'lse f:on::,ervation status of habitats (condition and area) and marine species (number and
tribution area)
Habitat HAB  The conservation status of habitats (condition and area)
Species condition SPP The conservation status of marine species (number and distribution area)
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) AdAE el s el duigtE 53 5 QIER 3
7Feict. ZiRE B2 U S 743l 33 04, HaA, 2
7] /1A 71FL R FEE0 Q9FH o o] 9 HEA] g2

TF 7R8I (Lee ef al.[2016]). “JETIUI S A2 X| (Habitat)2}
AEF(Species condition)P]ZH= 7 714 81¢] EH=E sl A
EF o EX WA oF F B AHE Frlskn A4A] el
HA-S F7FRITHKMI[2018])(Table 1).

2.4 SHUHZMXI2| H Lt

I IA oA 22} BEA | EAl A (Current Status)9}
o4} v) @ A}l (Likely Future Status)®] F 0.2 AXEEH o4¢
u) 2] A= S (Pressures)# ©]¢f] Oigl &) 52l (Resilience), 547
(Trend)®] QJ3ES HH=Tl(Lee er al[2016]). A Ael= 7|24
HuRe o 53X S JdF o= vepbd Zlo| 1 o4 vl
FeE 5 F AA AEHRHFE Q] AS50ItHKEI2017]). FAE L
o ® HIZ 57k diojEE ZlEoE FRY) i HsES
Uepd Zlo] 1 2 Bxe $42Q AslE g e W
Fro|o}, B¢ NE FA e 9L vF 4EE s
E30 AHE /MAshs AEIEH, A3l 2 ¥igro|tHKEI2017]).
A4 vl e @AY el FAE disleha = 35E
o7 A% g2 Aol FAE 67%, T IE5HE 242}
16.5% RHgsto] Al&di).

£ A7elxe AR ATl whE sk AT #skE 2012
ARE 202087F4] B3 F-48151ck COVID-19 248 Al71?1 20204
198 7|Eow AF ¥ 73 AFE ALt HsEE g3}
31, ZF B3| djsl) A e, &8 vl A, o, 35, FA=E
TEH AFAJD £4L S35 £ 5, Y&, Aol &
¥ F vl THF7 dEME SRR E EE3HL COVID-
192 Q1% Hsle]] dis] vlmalsict. Yozt A AlAl 571l disiA
EZeoR dF 9 g 7PE B A vluE B3 8
ST TAE e

.40 ¥ 0@

3.1 YgkuR|e| LY. U7 SEEA

2020356 20219714 COVID-192] 87 3 A A+
Eope] As Al A VA 2F2E YHUHFig. 1A). HA
% AE SFE A (drug effect), ¥Ho] 2] 28} (virology), o183} A
o] (prevention and control) 522 FZ} X84 7Ly} #AE
A77t 8= A, 2155 Bi= 37 % ¥ (environmental impact), 73
22 (environmental factor), X|471 58 "2 (sustainable development)
To% §ARAY I¥d QL FE AAJUS v e w OF
C= %34 (female) @ B4 (male), A1 717 (mental health), 228t
(psychology) 522 COVID-19% Q1% g sle] st g 4
T= vepsth

COVID-197} aAgt#te] o] v|d J&-& glete7] A3l CoVID-

19 ¥H8 A3} g A7) 2 o] AdE] g B-hE AT Eold
A5 RS v w8 cH(Fig. 1B). COVID-19 A4 A)1712] A9 10
A 71NEF 71E0 % v|ud 23, 715 H3l(climate change)’, 3l
Qt 38l(coastal engineering)’, ‘% (beach)’, A4 Ell Al (ecosystem)’, ¢
A%t 2] (coastal erosion)ol] thale] HE3] B A7} o]FoF
01, COVID-19 24 o]%F 5 (sea level)'} S Hk(sea
level change)’s} #&g Q771 SIS Atae]s)l A€ A
TEoIM Tk sk T2 719 £H¥3E vy
i A}, WA A|&7Fse WA (sustainable development) 16$]
oAl 19912 5171 ZAsg ot v w A ThE 719 =S visf &2
+9E Hlar, ‘A3t B3 (coastal protection)’s 239114 11912
St ASEA EsA A77HAREH L e A 02 Yehit
yha, <87 #2](environmental management)’$} ‘A EfA 555
(ecosystem resilience)< 212} 199]¢]l4] 33918} 138%]of14] 23491
A7t Ak S Bl 53], ddH AN FUEHF
(monitoring)<> 7191E 8 39l AAAQ) FA% A= 719E
E7F 711519014 18691 = Wobx i, Fr] MRl 719 =4 &
74 2B ¥ (environmental monitoring)’ A] 19904 339 &
Zashe oA R} Fio] € ZLoE Hitt ki A¥d
A= COVID-19°] e Wslel] & 43 glo] F&3] S7kshs
yhde], A71AQ BUEE 3 @Eo)] g e FolE Ao
=)=

3.2 CiEI=e| sHYHTMK|S

OHI[2022] AAIRE SR T AARE T3 201295
20204714 digl=e] sl g A|ame] WslE ERIsIITHFig. 2).
PR AA BFLS 2012 73.958 14 2020 78.60
Aoz 71}, 201295 20206833 5% ¥ A= wg o
7PE A 59504 977 AlelieH, 201285 2015
714 437t AERPI ] 71 & AE UeRla, «<dAd)
713]°¢} <t A AAEE 0] FE It o1F 20164 E 2019
W7HA] 4471 QA o1]19] 713)° A57t H23] ST 7R w2
A5E 19k <A AAAART T Fashs FAE 29 A
Erek o] HE o130 2020dellE HAE ] /M 2L A
5 vERL

t3el=re] SR TE 201438 AlL)Ekar 20123 FE
2020971A] 231 F718I 0, 2017 E F715e| Zast
T A%E 1Y) ‘GA19Y Z18E 201297 20206714
F3H S7Fela, AAE L 20149 o|3RE B 53989 &
F7HEoE B3] T/ ol F AHAE L 201995 7+
EXE GA9S 7185 FelAH, 20200 107H] SRS
F 7FF 2 A5 Jepdd.

COVID-19 013 47} 3343 B A, 999 9 of7ps}
AECRY eI AFEE 2 201295 E 20168714] F4
Ask7t I3 20179 o)1 Fof FE3] S8Rk 8 2019d¢)=
91.81%°1 COVID-19 ©1%(2020d) 90.738 0.2 743151}, 3l
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A. COVID-19 Network

Group A. Group C.
Drug effect Female/Male
Virology Mental health
Prevention and control Psychology
Group B.

Environmental impact
Envrionmental factor
Sustainable development

Fig. 1. (A) Network of key terms within COVID-19, environment, and effect literature between 2020 and 2021. Minimum number of occur-
rences of keyword was 50, and the top 91 out of 17194 keywords were selected. Size of labels show frequency of occurrences. Clusters
and curved lines with same color show co-occurrence of topic keywords for each group. (B) Network of key terms within coastal man-
agement literatures between 2018 and 2019 (pre-COVID-19) and between 2020 and 2021(during COVID-19). Minimum number of occur-

rences of keyword was 20, and the top 63 out of 5000 keywords and 55 out of 5178 keywords were selected. The box represents changes
in rank of the keywords.

At TR A E AY FA W2, 2020 AA FEFS (KMI[2021a]; IMF[2021]). COVID-198] 3RS F-<j¥nt ot
COVID-19 &1t W& =73 w4, Aok 5o Q13) 201930 S4HE 2HAQ] Riof] & 93 vixc) vidjd 59 S71, A
03] 9.6% A2 om, FAAFEL 2.8%AM -3.5%% 3=} BIF =3 § 2R EFc] AAEHEA 181F FAE 2HER
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Fig. 2. Time series of current status for Korea Ocean Health Index scores with available historical data, ranging from 2012 to 2020. Scores

range from 0 to 100, and red area for decreasing scores.

2019 tiH] 2020390 1.0% Z43HTHKMI[2021b]).

‘TG 9 7P E 99z BT 1230322 BRE SN
22 e B3, 20199 14.508 914 COVID-19 ©]%(2020d)
13.8478 2 2 243t 20209 AAIE 22191 AE A up2
¥ COVID-19 1tel] tigh HFA1ZR A7 |as7de] W2 49 &
Folgre]] R A FEE vA= AoE JERGT, IR I
#Felgko] HPAZo] E5F Fhde AoE Y
(Cho[2021]). ARA =& Zdgo] R8s 8 2%, T3AE A
ALY HA B Q781 Hol $gAdel $1717F 9314 €
ot AAZ AEA AgTr] WA vt S8 B 5
7F 20194 7,1585F el 20200 2,6807F HL R oF 63% A3}
Ror ol ¥ Y Yo ¥ A 07 Helt}

BT L 201537 2018 3% A9 Ehar HES) sk
FAE ®B8lod, 201934 1|3 COVID-19 ©]F(2020) o] &
ZAEL Bl AAZ digze) A A9 AR =
7} A FEEAP ARl gEH F71E 8T 4,878
F(2017-20189)°N1 A 4,307%(2019-20204)2. 2 JEPG o H, o]
2 FIE T3 AT Ha7t AT Zlo® wdE
3 A FFE € 5 e HE, 5, 7HE 5 2

AA@ 3T s d)7], LAEAS K 5 U937 220 23
Z8Trol Wiso] A4 5 3lov, A&F) AT FALE F59
5 S|Pl A el st eto] I e i MOF[2021]).

£ Ex) tiFt A57} £5F Aol BN AgEHr|=
ot d@n=e 39 AFEAT 10 B F S A
7 gk HE7F %8¢ AR RE0 7 Qs AF[t FP) o)F
©]2]#] ASITHKAST[2021]). =L W12 7} A 2]51A] oF
om AEA 9} AZAY 2L Y A AT F5dke ga
9l BRFH S AR E 5 ik 20173 E 202197H4] A€
‘BFIRE B7HA 75 9 g2 71€ Y @7l b= ogig
139] d5x] 2] WAL 32 km?, M2AE= 45 km’E FH
20229 528 F7F A7 viE - FrAlelA dEA9) @4
EFFAIFEE 033 tC ha'! yr'0 8 A BAFSEL 3872 1CO,
yr'2 AXEE = Q1T B9k 784 S 64 1C ha'!, E
7184 AAFES 1.0-11.2 tC ha' 02 AXKEL o] F f7e4 A
ZeFell A 208,000-240,640 tC2] AE AL 5= ) |24
7|84 EFASFE 045 tC ha'! yr' O A AF oA 2] Azt g
EFTHE 7,425 tCO, yr'E AtE B g4 AR Al
94 tC ha'o]| 22 EFeA 9] f71ekA AL 423,000 tCZ A
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AHEtt. $HE AES R71RA AFFE B 05-2.8%F 4
7)o Bk A& BT ¥FF F §71eA ADFL 425115~
434,844 tC] HSE AT 7 3} o|FA diFls EF7HES)
71%AQ] oS gA o7 Unl AR E &= glon} off B
ofl tjgt ZAAR] AF-2 o] FJX|A] U s YAl = RE
FEA] g2 AAo|c), FF ghh AR djFt FEL o)
AsiME A5 A BRI it A53 N #A A
TR A&l A7 Beg Aol

e F AR 99 2.5% To] YR FTF oz AF
go] 9o, s 37 AAYe] AaY FA= U YR
379 A= A7} nl &g AFo|THMOF[2019)). ©1E 74}
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g3 B35to) S APAASE COVID-19 #(2015-20193)7% ¥
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*Each score of overall goal was suggested by caculating and weighting each score of subgolas equally.

Fig. 3. Bar graph for current status (status), likely future status (future), pressure (press.), resilience (resil.) and trend per each goal or subgoal
in 2020. Status, future, pressure and resilience range from 0 to 100. Trend ranges from -1 to +1. Trend color shows blue for positive and

red for negative trend.

B3 ME dolgr} gl diglsS Agjslky i 0313, A
ETF oM E HE 0238 #2380t BE SRS FolA
COVID-19 °]% 2jAJo}e] At B &7} 4,028 22 713 34 7
253 #AlolellM = 20208 58 A 403 FolA = wl$- =
& 7] FSHAT. 1 viiEe] FTFESe] B AHL &
ar7E B Slof WEA viFEEA JAE dove o] #
2= Q) h(Rajendran ef al[2021]). 715 A3}e} FTFES Y 4
939 AA 79kE 7RIS =843 71§ 7F AR oY
ZthHijort ef al[2022]). BAT 7|8 42 Al Ao} HAL
AoAe EHY A5 Ft Fow GTEES Aoz E A
ok F2e] Axjz Ao} igkR Fof vf$- F PFE FUE A
o)z} ket

AAA 21871 715 671 5 57 doz Yre] 7 dis
2 oier d g7 9ATE] skE Ve 201985004 2020
Ao 24 A4E vl aslSickFig. 5). BIES Q=] A5
=71 AlEiA B2 AE fAERI 201297 201687H
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(Harlpern et al.[2012]). 2012'A5-E] 20207F] tde] 913 ol
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Ocean Health Index

— Pre COVID-19 (2015-2019)
— During COVID-19 (2020)

Component score

AQ: Artisanal opportunities
BD: Biodiversity

CS: Carbon storage

CW: Clean water

CP: Coastal protection

FP: Food provision

LE: Livelihoods & economies
NP: Natural products

SP: Sense of place

TR: Tourism & recreation

Data score

N.A.: Not analysis

COVID-19 statistics

Confirmed cases

- 1,000,000 persons

Deaths

D 10,000 persons

Fig. 4. Map of Ocean Health Index scores for individual goals in pre COVID-19 era (blue) and during COVID-19 pandemic (red) in South
Korea, Japan, Russia, China and North Korea. Scores range from 0 to 100. Yellow square shows confirmed cases per 1 million people and
red square shows deaths per 10 thousand people caused by COVID-19. There was no COVID-19 data for North Korea.
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fo] 7F5817] wEo|th(Harlpern et al.[2012]).
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o, fezlo] Ao S3d 2021d 8¥ 208L V1Fo® A AA

Aoz gooRt &) EetAg 2e77t AAEITL o] F 25,0008
o] sko 2 FUHSITt. sl alr ] AP g} FETIF o
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F 5EY 930 71992 5 Ux AYFe] TFP BT LR
2180 713 0= P v]A 5 UTH(Gall and Thompson[2015]).
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= H A F 142,754 k') Fo] A =] 9lth. OECD &
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A. Comparison with other countries

Pacific Ocean

Indian Ocean
Oceania

-@- Global average  -@- South Korea
Continent @ Africa O Asia -@- Europe

-@- North America © Oceania -@- South America
Ocean -@- Atlantic Ocean  -@- Indian Ocean  -@- Pacific Ocean

B. Countries affected by COVID-19
Group with increased OHI

Europe A Atlantic Ocean A

111

100

0+ T
2012 2013

2014 2015 2016 2017 2018 2019 2020
Year

* Score in 2019 — Score in 2020 (Difference)
Pacific Ocean ¥

1% Bosnia and Herzegovina 51.9 — 54.2 (+2.4) 1 Guadeloupe and Martinique 72.1 — 74.8 (+2.7) 1% Clipperton Is. 84.6 — 83.0(-16)
2 Norway 80.5—828(+23) 2 Madeira 793807 (+15) 2% Palmyra Atoll 80.5— 80.2 (-0.3)
3 Slovenia 76.6 — 78.7 (+2.2) 3 Ascension 739 —T753(+1.4) 3 Howland and Baker ls. 936 — 934 (-0.2)
Group with decreased OHI
Asia ¥ Africa W Indian Ocean ¥
1% Christmas Is. 824 —780(-43)  1*Libya 506 —48.3(-23) 1% Amsterdam and SaintPaulls, 72,8 — 70.9 (-2.0)
2 Lebanon 57.2—549(-23)  2Canaryls. 68.8—66.7(-21) 2" lle Tromelin 76.4 — 755 (-0.9)
3" Brunei 67.2 — 66.6 (-0.6) 39 Equatorial Guinea 59.5 — 57.6 (-1.9) 3" British Indian Ocean Temitory 73.6 — 72.8 (-0.8)
North America ¥ South America ¥ Oceania ¥
1¢ Bermuda 70.4 — 68.3(-2.1) 1¢ Argentina 67.5 —64.0 (-3.4) 1 Wallis and Futuna 79.4 — 748 (-4.5)
2" Sint Eustatius 754 — 73.5(-1.9) 2% 5. Georgia and the S, Sandwich s, 84.2 — 82.6 (-1.6) 2 Solomon s, 66.9 — 64.6(-2.3)
3" United States 744 —732(-13)  3%Falkland Is. 629 —613(-16) 37 Niue 64.8 — 62.9 (-2.0)

Fig. 5. (A) Time series and map of current status for World Ocean Health Index scores with available historical data, ranging from 2012
to 2020, Scores range from 0 to 100. (B) Change in index scores between 2019 and 2020 for 6 Continents and 3 Oceans of the world. There

was no data for the Atlantic Ocean and the Arctic Ocean.
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