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FEI7H RIS G 452 BA4510], R 9 87 A5, 713, AAH A E AASIIT FEE L
2 FF A IED i ABYEC R 1) H|E k] =Y S|SB TD A EE A% Y
87 AP7Ple g, 2) @95 ARl 71E d8d dFNS71e 3 3) AIRBL FAshe Azt
T B3 = v, 4) g0l 89T &8 7Fsd F8 DB AI2H AN, 5) AT 53t sHol§
FEE7H A A rlel=El vldE areisiof & AN g AQME,

Abstract — Carbon neutrality by 2050, is the world’s most urgent mission. To achieve the Net-zero mission, many
developed countries announced representing varying strategies for the decrease of greenhouse gas emission by the
middle of the century. The Korean government also declared a renewable energy supply plan for the transition to a
low-carbon economy, so it is time to support and plan systematic scientific, technical, and policy management on
the construction of a large-scale offshore wind farm. In this study, the flow of global marine environmental impact
assessment research over the past 40 years was confirmed using bibliometric analysis. In addition, scientific, tech-
nical, and policy implications of marine environmental impact assessment were presented by analyzing marine
environmental impact assessment (MEIA) for offshore wind farms in cases of major advanced countries. Alto-
gether, we proposed the future directions of Korean MEIA considering to 1) develop techniques on MEIA, 2)
advance prediction techniques for impact assessment, 3) establish impact assessment standards necessary for sug-
gesting alternatives to reduce environmental impact and maintain marine ecological integrity, 4) develop and main-
tain a comprehensive database system utilized in an entire MEIA procedure, and 5) prepare a national authentic
guide to MEIAs of offshore wind farms.
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71393 O3-S 98 AR g o g SFFEe] gy
UTHLee[2021]). ¥lTh= SARLE F&0] 11 YT vighe 8
B 5 glon Mg el £2SFARRE ARFHE - wE
o, AAA B F7ee] AFARI AFAR A4S T HFF
g X2 A3 9JtH(Oh and Yeo[2019]). A& $-Euel=
Ak A4 AL A% ABALR] 3020 o] PA|E-E wuwsia
2030714 8.2 GW THES] AlA H) s 3FH AR E A
ARk ZAE AL vEc

olA¥ Syt SR AT AN R AT H DA
ZAo] Aoz FASEA AAZQ] A=A A Au]9) FaKe)
AZ1=E%A. S o] 8ol digt AT 3B XK= 9T
AEH] 218 19918 Taide LA o] AREHATL, °o1F =
e sigel 89 H/R= AT 3 Aol 83, A
o] 8457}, FHATE7} T AYelA olFoA= FB4F7t
AEE FA®C 20074 HFBAE A A ol APdE #e
AA 733t 2oz A3E T gl

TN E EF5ta, dP3EYel oigt PSR TH A ==
BAES G A5 S JFPPA 2 A At ZAE g
& 255 op|shaL gtk 53] sdeA e AssEE|golE-
QEE7DH A1 8225 ( THA/MIEFAR ) & A M w2
AN F 35 Y AL TE= TAZANE 2 348
Hol b2 A7) F 3EY DALE AXshs Bl A
ko] AEAJo] wkdE H3AQl B} =aie] Hojof L &
Faha, X x9e] Qejd BAL wigE HeHAA Frpt eiF
3 AAolth(Lee ef al[2015]). 18|11 SRS THPT SR
& 4 A 252 75 ool 8ol iR FRZA Furt ol e
= Qlom, Wi 2 o83} /el XFE A-F- BAE dig 2
So] 718 & Ytk 71k A AR 9 Alde] e @
39 BAgl o1l E E3st ALEH AEE AT = F
oz FA At FAVE EYs) HiEe] §89E7)
W Al9z/de] AFRAFFEB7E] 3G, A 7kl a% A
o 2 SFEY Fxo] “ouiA] sl A7 AF Y Yo
B 5 Q7] wiel] 5 v el et A 9 Al :HFEY
o) gt =05 gk=A] o]FFjof 8 Hlolc),

ol g VA IFEI: SRR RAY S AR, A
B B3, Ak, 3973 gut-oldig, sjRiee] A& o)
71, HSTAE ] A F SRk} AAET] R
of slge7e] TR S AFEA Z3t a7t Fe
o]-&3 /it Aol sl dBHOoE F T Y= FIHE Y
8-S AAse slY 9 A R3 EE A7) rsd et
7)€ 716t SR FEI} 7% oo A ¢E E1
sk e Al 9520 oA, sG] SARIA} HE e &
Poh= A o2 Asle] TR 5= Qe YR digt Y
ZAE AAEEES 73] shar Qe vl ST Ox] A o) F

gD Rl

U £ gle AHAIG T digt ZAP Eag Flolr}. o]AY
o], ARQIAL, AGFH, R DA, AR, FEE T 0127] 7t
A gt oA M EE 355y, AeS B 23T
F Qe A5 AYBAYTFE7T B oj=win) HA3] 87
Ha ik,

& A79 BAL A3 AR F2 AT AHIE 1)
DEAE IR FFF7LS] 5, AEE, AFA AR E
Fhop| a1 -2} s FEH7 F P71 AR T Ueke AA|
s=d) Aot ANkAQl BE7le Ao T3S dels] 3 A
W 4087 FAA SfdE Tl it SEd g ¥4
aick. 11 AAFEEAR] AEs7IR) G5 vse] ARIE &
Aoz sFEdA] 24 e 90| 89FF7 AEE T
R FAEeH, dE] fEvet s deAAle) 2
A WS Ax 7 AREE A 2ZsI) o1& EUE ¢
Zue} Qo893 7tE o G483 98 B3 v}
28] AR, 45, B7PIe) 171112 E89% (DBAIA~
Eho 7 FR3le £E3150

2. HHy

#j 2] o] &3 side]l $EA A9 e] B AH3] I, B
7F, S8 A 71E7Ee] AFPs ojo} gt o] & A3 -
8] 71edT 7, AY, 3% WY 52 8113 dAle] 91
ofl Ste SYRPIFH7I BEE EEIarA} sl & Al
A= Scopus®] FA 40 HloJEHo]AE HE-3e] AA HAWF
AlE FH0% SeEdTEde Ao, B4 2.8 =
& A8t

2.1 HIEHO[E] 3

B A7E 93 19803 5H 2020 74A] E23H B4 F peer
review® =% 3! F-A(book chapter, conference proceeding, policy
report, and consulting report)E Scopus (71 ¥ =: “marine
environment”, “wind farm”, “offshore wind”, “anthropogenic noise”,
“marine noise”, “noise pollution”, “offshore industry”, “pile driving”,
“underwater noise”, “electromagnetic field”, “electrosensitive”,
“magnetosensitive”, “submarine cable”, “dredging”, “aggregate dredging”,
mining”, “suspended solid”, “suspended particulate matter”, “suspended
organic matter”, “flocculation”, “turbidity”)yS &3 F 4,077712]
FaE A5 s vekvlolg= Azl A, A%, 28A%,
AR A4 gl AFEopt XFHJ oA, FAF S T3l Al
o, $437HE F8 FAlole} A7 559 ¥3E Blek=d &
£33t

22 Xlg BAM
AFRE TN A 553 Fopd AERAE BAE)
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)3 VOSviewer software (Van Eck and Waltman[2014])Z o] &
3t 719= HEYA B4 (EE AFAIAE £4, Bibliometric
analysesyS T8It T TA S SR = 209 &
A gelBg e kEA Y AT, 25, 7|9E 55& Lol &
&AM Hs o Audes E AdE wE. =8 54 7]
Y=5o| I T8 ANE 5 2 719=E 1) A MEY Iy}

2 HoZ BAEY, 7|19E 2 4F dAYE FAFHe= &
Qg = ok

3.4u 9 &

3.1 5l 20F EFYYIIe| I 9| A7 SEHEM

A 409 3t SRRl BHYFF} A AF =R = F
4077702 JAE[(G. 39 AFEF, 9=, 55, EF LA
U} )0 AR 7 2,578 0= A 979 63% 2RS%
thFig. 1). $-2lU2re] A9 81107 AAA 219 FF01%10H,
AHT7IRI FF(3574, 3%, Y1267, 1290)°] vl FojEe=
¢ BEg £F0 2 FlFirhFig. 1).

FQ A7 2L 20000 ZHLE TR sfoo] g 9
3 BFEAS Bs] % Weke g SARAIIF) Ui
F3lon, 27 9 48 A ege] FE H7) dideld
thFig. 2A). ©]% 20000 9t siGFBAI T F71E 9%
50 FAEY A EA BE A7) F7IEHEA §3d
3lof W2 NAAET QA A3 B/ A7 F/HE A
Rt WYY 2L AR B8l WE §H9FH
7 87 201080 Fute] HwEA sk Xgdct, 53], Y
F717A)1 (marine spatial planning) 7= #lkellA BHAisk= B4
o] FAH soldel wel A&7Fsd MgolE L ALe 35
B HZ AT TP = ZUKk YSltHFig. 24). S13FE &

A 2o W FAA gNE 99l AN AWRA §4Y
FF71ATA 7 SAAEE FI9EE FEAS oldleH,
2010} F4k 0] AR A7 Eis) P = Ao
LERRTHFig. 2B).

AFFH ) AYTRITH7IE FYJ(FIYE: “marine
environment impact assessment”, “offshore windfarm”)2- 343}
o] geldt Aal(n=101), ‘22’ FZ1YE: “noise”, n=55, 55%), ‘A
713195 “electromagnetic field”, n=19, 19%), SiARFFIH=
: “bottom disturbance”, n=13, 13%) 2 “$-FAP(Z]1 9 = “suspended
sediment”, n=7, 7%) =22 A77} Bo| 8¢ A0 = IS
o, S g 7 AES ©o]FFIYE: “fish”, n=63, 63%),
FHFEIEE: “mammal”, n=57, 57%), ‘BN’ FIYE: “bird”,
n=48, 48%y’} TQ UAFO T Ag=lon, Ao AMY
E'@19=: “benthos”, n=18, 18%), HZ5+ FI9=: “crustacean”,
n=10, 10%), ‘SHIE @Y= “plankton”, n=5, 5%), ‘©|v=lF7]
$=: “bivalve”, n=3, 3%)°ll theirle vlnA A7} AA 385
Slth(Fig. 3).

TR, S ITY HYBAITHE AR R .4 F
AZ7| el o3 G E T AT L AR T S
£ 9T A7 0l 7 gt Zl o FRIHIY. 53] A7
2o, FAFFE L YT AT S A9 T 2
Ao 9FE FE= A2 A UATHOhman et al[2007];
Woodruff et al.[2012]; Bailey ef al[2014]; Bergstrom ef al.[2014];
Albert et al.[2020]), ©]ol] &%t ] A= AT Aot tE
o] I sEEE ARt A o] T2 A dalel AFE AL
2 dPdsE vl A RdA ) % AHAAEA S8 9F A
T7HRIEA] E8F 7o 2 udkErn). o 9ok FAREe] Hlvs}
A olAAE F8Y AL, FEFHEA 2SR AF #eold 3¢
A Hsf] 3] AR 7 a2=eiel ¥ Zo|th(Kim er al[2014)).
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Fig. 1. Cumulative number of publications on marine environmental impact assessment from 1980 to 2020.
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Fig. 2. Keyword network based on co-occurrence analysis. A) Size of node shows to frequency of occurrences in the literature based on
full network analysis, B) Network showing top 25 keywords (link strength) linked to “Dredging”, “Environmental impact assessment”, and

“Wind farm” highlighted.
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Fig. 3. Cumulative number of publications related to offshore wind farm and marine environmental impact assessment from 1980 to 2020.
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Aol 8FTI7IE At 7leTEE VN MFRE, 45, F7P]
F, DA 24 F, o]l the ARFEE of2fel) 71E31in.

3.2 2t HO} 7|23 X UL

FFE AT {4 (@ T, W), 2409 52 A,
FTYHEA FAF F TS A L f5 Wl o9 FA9E
I gEo], B3 E FEF 54 Aol o YA JTHNE F
#H o= AAEk3 Qlck. #A Baeye and Fettweis[2015] A7-¢ll
el s EE el AZAE YA ] S8 B3-S A8
Reol= Bsla £9¢ o3 725 FH F-HAF F27H uiA

A. Impacts of offshore wind farm on marine ecosystem
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=3 mg/L) Bt | suj7kA] F7Fslolom, o= Qg A7) A
e8] RUE o] F g AALRE vl Qi) gtk ope}, A
fé F dAAlE FolA B AR o, BdF, o

F 5ol dig 37] 2UER 2, P56 el =g 73
%‘ﬁ*}% 13+ v} IThScott ef al [2018]; Jakubowska ef al.[2019];
Hutchison et al.[2020]). 015 8333 ¢l| 25 WA7} A
A8 e4E FEAX M A, F, T2 FEEH, 98 P =%
Aol = 92 AXFITHFig, 4). 3FA9F S o8-89 A
Sx YA 2ARES FAPdo] FojEo] Slo] siAEAl 3
o]l gt HsHH PR A} ofeE Aol 71E o] 84
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B. Environmental issues on offshore wind farm construction

Stage of wind farm

Major cause

Environmental risk Environmental impact

Piling work, Cabling Suspended sediment Fish, Plankton
Construction period Piling work Underwater noise Fish, marine mammal
Electric cabling Seafloor disturbance Benthos
Underwater structure Scour Benthos, Plankton
Operation period Ground structure Atmospheric / underwater noise | Sea bird, Mammal, Seascape

Electric cable Electromagnetic field Fish, Benthos

Structure Seafloor disturbance Benthos
Decommissioning period
Electric cable Suspended sediment Fish, Benthos

Fig. 4. A) Impacts of offshore wind farm on marine ecosystem and B) Environmental issues on offshore wind farm construction.
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Table 1. Comparison of evaluation targets for sea area utilization consultation and marine environmental impact assessment

it Sea area utilization consultation Marine environmental impact assessment
Meteorology

1 Marine physics Marine physics (currents)

2 Marine chemistry Marine chemistry (water quality)

3 Marine topography & geology Marine topography & geology

4 Marine sediment Marine sediment

5 Pelagic ecosystem Pelagic ecosystem

6 Benthic ecosystem (marine intertidal organisms) Benthic ecosystem

7 Fish & fishery resources (egg, larvae, & juvenile) Fish & fishery resources

8 Sea scape & recreation

9 Protected species & area

Fish egg, larvae, & juvenile
Marine flora

Marine intertidal fauna

Sea scape & recreation
Industry

Protected species & area

vl e~ R - N b

AHE, F-RAA, AXBEA, o FAatAbd, BasE, B3F
4 BFFAL 972 ol 9low, FfiHo] PR ¢
71E #9018 A= F7FEHEOA) 9 714, o@ E 2o,
AR E, ZIPFE, AIS T F 14719 HlEHEe] &
Agh(Table 1). AA=E2] A9-oll | go]8o] o]Foix|:= 3]
e uje} 54 SPBE] FAEE T FTHPL oFoRAE
Zlo] ER Aot} nj52 BEE T ¥ TS AHE
TN, SERAF, T2 oFAAA ¢ dis] HER FAKEL
Qct. dvtg9] Zeols sEEel 7 & 9L = AeE
4 ofF, 18, 2F 22 NI disf H4 2d o &
7] @TE Al¥sta Yo AL F5E w &t 53], ndd &
W 22 P ERFE A U AGNE HA A7 44
3l Q= Ao g IeA 9O K (Sohn ef al[2012]) S| So]&-F3E
B7}el A2 Wigo] HA] &3 Tk(Table 2).

3.3 0|5 E0} 7|23 N UL

5 ok 7|&5S A dFE BX 299 @A
U AeA A3E ¢5317] $15IM Z1AIERE 716k &S 2 A
Ho| EaHA AT I Sl vl5(NOPP) ¥ - HYCOM)S]
7% 33+ AR DS F4§ oS B E0] Sentinel,
MODIS, Landsat 5 TH> %, 273 A= &85 7|78k 24
< A7t 23] 353 Qltk(ung er al.[2020)). ©]& FAF
 2UERE B3 £3E @3RI 7 3 B @A
£ 28] gt uklo 2, AR ARARE B4 dolgE A
AL Fo A SAYEE IS FATL. A2 gkt
FRAAAES B8 A5 E TS, 8§73 e 1) ndEAS
a0 T F317] 8] ALFAR PCAPIH AFAF 7=
S 4% duelE d77 SIS A8E 1 9l o] E 1]
9] 7% SEY TAAT 1AM L 29 i JFL =3}
7] 9% 87 NAE AFE TR BEHY ot L T

& =23 vk o). wbE feldzle] Z4- E2, 2] 9 HER

ofe] A% o5 Eol= At AT A 9 didel e
Alell it o5 2ol= AlBEEA] A it o= Al 53t
QAIAERATE, FASAE L Y2AE 712 3538 5)E
g2 3k5te] AFT Ad50] oH7] WERNH, o)E S5
2 A 3|7 2 (logistic regression model) B! AF9NA A}5 9}
AP ERE EFFAE) 1] BAE FHsH AT 71 5ol
5] A7E T YTHKim et ol [2015]). FF FEe 839 <)
£ A= 71€ ZAAAE Bt A7) 958 F§ v
olg] F&3} g7 A5V A BE3 AT AFg0)
BEEA] TEjjold 52 8 A0|ti(Table 2).

34 OP|1E 2Ol 7288 W WYY

AAF(F T, FY, 291, 294 F)9 A5, 4338 FrPE
k& B3] S8 AA oA GRS F0F odE= #F
AEE ddo s d2IF AY 58 F5F 0% S8 554
&, A, FRAL A m el g kARl FriEts =
Z311 o). SPFE A 8 Fol BAske AR -2
Fd) 80km A E SAIBE TS EF U= =2 &
A 1A 9HBetke ef al [2004]; Mueller-Blenkle ef al.[2010]; Duarte
et al[2021]), 7] FAAT= A5 Aot} glEo] = alitel
B9 sl AAEke vistAY SYERTO dE 71Ed PR s
Algelct. 53] WdES 2t YA APgA1% 43580 (Neophocaena
phocaenoides), ‘BY--5 118 (Tursiops aduncus) 2] 17T A4
h= A o) a, SFE EWle] X 100 m o1 =olel A5
R o BistAfle] FHAQ) FEE £ 5 USONE ol i Bt
7158 A= 9] 91A] QTHOM et al[2020]) (Table 2). #9t o}Y
2 A, AN, FHAL A @S FEER dA,
29 Foll TAle EEA o2 dojd 5 7] W] o]l #F A
T " st gEo] AEAE 7 A5 AL fE AT T
9 Foll tist JIET v OE 5= ] "Rl o F ERlst
7] $1%t viz3EF AT 55 ABE Zolth(Lee et al[2020)).
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Table 2. Contents of targets and subjects in marine environmental impact assessment for offshore wind farm between South Korea and

advanced countries

Category Subjects South Korea Advanced countries®
Diagnosis & assessment Monitoring period 1 year Over 2 years
Noise and EMF® monitoring None Implementing
SS¢ monitoring nd.’ nd.
Protected species monitoring Limited Over 2 years (2-week intervals)
Noise and EMF impacts Limited Implementing
SS impact and seafloor disturbance nd. n.d.
Predicti Accuracy on flow rate & sedimentation L . . .
on changes ow (limited QA/QC") High (high QA/QC)
Noise and EMF modeling Partially (noise only) Implementing
S8 dispersion modeling Very limited (no domestic coefficient) Implementing
Scoring modeling Very limited Implementing
Ecosystem modeling None Implementing
Integrated criteria Impact on marine environment None Set (by sea area & construction processes)
Impact on marine organism None Set
Database system Marine meta-data analyses Partially established ‘Well established (e.g., Al-based analysis)

“countries including U.S., UK., E.U., Canada, and Japan
belectromagnetic field

“suspended sediment

‘no data

“quality assurance and quality control

B g U TS 388 FE U 3
7VE AT Fa% olsroltt. #A AAATE A A n|F0)
U dEe] Ae 7], F4, &8, SN E, E3R-aE ope}
A AAA g3E 183t Q17F (human environment)7FA] 31
i) FHJEHIE 51 Y= Aot Yoon and Park
[2013)). §3] H71EE-S HEZ vlg] 8 ¥1 2373 FAE
23 ARl Ao 9] FrHEES f5AoR Adta e,
o= ARel 9 F ol BARE FoA P o =N Fe3te] 25S
A4selr] ggtoltt. Sevels #EH B 9 BrlE A
A& 53 IR AG TR =S AA ] g = F S sx
= vl FF vt S99, 498 54 A8 B4
F 3l AEAA0] o]Fol Ao nRl

3.5 DBAIAE] 20} 7|88 ¥ JHEWE

AR=EY, olgAE F)9] A5 NFBRYTT71 A&54E
$131 DBAIAE F50] A0S AARE A8l o] & At 7
el ST 599 A5 A AA 348 DB AAREY @
W ST R AlF)E TEI] AR EeE o) BE A2 H)
o|H1E A8 4= 9lrk(Stelzenmiiller e al.[2017]). oFL A== &)
% HE, A A AelellA 7% vlo|HE 5 F AT U
ol % AFAE Hujo] AAEe R FR/E F A= dYFE =
YEE AB|AE ATt 3t} SFAATE oS 2de] o3
A 45wl Bele Y -5, 95, SR 2 32 27
Ho &% JPAEIFEA, o1d 2 AEA, o F 2%, e &
A, ¥4, A, sk e, s 2 3 F) AE/RE
%3] 7Fs31tH(Table 2).

FeURLE o|4H AFBFYTEIE T Lo HFYRE
TR AFE F Q= AHol 8RR A AHlo] 253] FHEof &
Zolet. S EFE LB RP IV AP A= vl &
3L e AR SR 2] sl ¥ DBE 758kt ©f
2&o| AL 71E B8 7Fed ST EAIE R AL 52 1
AZAL ARE UAEE 2 SEAHE 77 ol 8AES] W
2 Aoltt. o] T3l FE AT ASKA, B7HEAe] F94
3 FAE R 7 3lo] FIREFECIAM Pl o gAY 2
TE 438 & UL A=

4.2 E

#o] 3G TH e ST o) 8 Al YA e
& A58k AP vlAsE] S8 AFel HE ek Al
E24 7]E 84529 #393971E BEUE 19914 sFedd
ZHo] AR o =H =UH Aot} 2007 o) F sk vz
Yol AF=EA I FFAHS wdsh] % el 8
SJAE7F ABEH I SIARE ST oYY SkadS B
S8 AEEA 2 G o A3] n)F3}).

AAEY B ol FIAE -89 FAH 4 FAS A7)
Hoz At o] gPA=e] A B 7WLREs (Yoon
and Park[2013])%] @7 ARBEE w7t At & Ak 3l
Aol §H 7} 1) HHol 8- AFES Akl orgetar sge o]
< Foi3Eh] g% AR L 2) HPBA) JFE AL 9
B 2R o Ui EE Esto] H=7HR] BAIE o8-S A
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