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Abstract

In recent years, the Taiwan Strait has seen a considerable increase in the
number of offshore wind farms. This project aims to assist responsible
government authorities in enhancing cetacean observers' management
effectiveness and implementing the regulations of Taiwan Cetacean Observer
(TCO), and in turn reduce the negative impact of wind farm constructions on
cetaceans. This project examines several national cases of development around
significant sea areas, which includes the constructions of 63 offshore wind farms,
seven pier expansions, one airport expansion, two channel dredging and three
bridges. It summarizes the developing progress of wind farms in each phase to
compare the mitigation measures and strategies of environment protection.
Meanwhile, it reviews literature works in the potential ecological impacts that

future constructions of floating wind farms may bring.

In analysis of ten foreign references and five implementing cases, this study
proposes some adjustments to the Passive Acoustic Monitoring Observer
(PAMO) guidelines, i.e., supplementing the qualifications of observers and
clarifying their duties. In particular, the comprehensive American regulations of
underwater acoustic monitoring, NOAA and BOEM, serve as great references
for drafting future national policies or revising PAMO, and also for accountable
administrative authorities to supervise related constructions. In addition, this
project offers standard operating procedures of TCO in four common ocean
engineering types in Taiwan, including dredging, drilling, underwater explosion,
and seismic methods. Furthermore, other suggestions are: to amend the
alignments of qualifications for marine mammal observers, demanding training
courses to bridge the gap and to outline criteria for classifying TCO levels and

execution plans.

This project assisted in scrutinizing the lesson plans of three TCO training
courses, undertakes three on-site assessments, and surveys TCO for their
observations of the marine mammals during the construction period. 158
students who finished the training were added to the talent pool of TCO.

Moreover, we aided the Environmental Protection Administration and Ocean

XI
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Conservation Administration to the Marine Coordination Center (MCC) in their
five on-site examinations and other four offshore windfarms. We track the
construction progress of five offshore windfarms, i.e., Formosa II, Greater
Changhual, Greater Changhua 2a, Yunlin and Changfang. By the end of October,
the first three wind farms had completed basic underwater installations.
Meanwhile, the project also assisted to review the paper works of five offshore

wind farms, concerning 114 pile foundations.

To refine the regulations of TCO, this project offers some advice. First, it is
suggested to formulate advanced training courses and regular refresher training,
to maintain individual professionality and enhance the overall quality of TCO.
Besides, there can be a need to test other methodologies and evaluate their
practicability, given that the effectiveness of current fishing-boat observations is
rather low efficiency and may not be sufficient to cope with the diverse methods
of construction. Also, authority should closely cooperate with the TCO for
gaining any spontaneous incidents. Thirdly, due to the lack of regulations on
PAMO, the extent to which some developers conduct environmental impact
assessment is questionable. It is hence suggested to consider establishing some
based on American cases with NOAA. Last but not least, the TCO regulations
have been developed for more than three years, thus, it may be the time to include
interested parties, experts, and NGOs in regular meetings to refine the system

based on practical experience.
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23001 B PFEAALERE TG A

o . AT i , B e : WA EIE| i EE 78 [ HAh1 [ R3REy &<
b 3 A ) - kiF j - o
g - H- EFRES B (km?) ki (m) 4 (km) (MW) i 7 EMW)
TR

H S\

1 el %’* 350 97 19.1~48.8 50.3 11~15 64 700
EF
o -\

2 x 18 %* AL 73 34~44.9 38 11~15 64 700
EF
:Fa

3 Bh - E o i 84 19.1~48.8 50.3 11~16 68 750
Z 45

, EE .

4 BR = 5L o AL 73 34~44.9 38.8 11~16 68 750

g4t
e k% b

5 e it S 35 76 52~60 43 14~20 43 602

6 A i = o 188 56~71 35 14~20 86 1,204

7 - B EF5 o 205 45~70 45 14~16 171 2,400

8 Pl EF 350 50 45~70 42 14~16 42 600

9 e i 351 44 21~47 10 9~20 37 600

, EF ,

10 b 1 e WA 255 42~88 21 9~20 187 1,800
o i

11 A = s ¢ 257 52~61 35 9~20 187 1,800

‘ = 2

12 o SN A7 95 46~92 22 9~20 78 750
e e
:Fa

13 b A A7 87 70~96 22 9~20 78 750
o i

14 b5 BE NA 51 53 15~45 8 9.5~15 42 440
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11 & & 7% i %

S AT - BEEE| .. A B EEE| H BAE | BARE | REREEES
s e Y I o Rl sl el I e v
15 ik ‘i ?i WA 8 50~60 4 14~20 12 240
. . 2 .
16| W &= (4#) 54y & R 157 55~80 20 9.5~20 161 1,530
17| w8 =(%F) =g W3 85 55~75 20 9.5~20 114 1,104
DA 2
18 14 %R i 37 125 64~96 25 9.5~20 105 1,000
19 T NA WA 126 52~78 20 14~20 86 1,204
A H #55t .
20 sP(RE) e ¢ 278 60 5 11~15 100 1,100
21 + ¢ 3n EES [6¢ ~q5 | 323 40~70 35.7 14~22 128 1,800
22 A NA 51 83 34~44 35 14~21 50 700
23 ik EE Ak 81 45~65 34 14~24 64 900
24 AT R NA 37 87 65~95 20 14~24 64 900
25 BR - 5 £ 351 95 21.9~50.7 62.1 11~16 54 600
26 5 @ EEFSN O[3 Ems 310 62 35.7 14~22 128 1,800
EF
27 ey ES o v 212 55~70 38 14~24 165 2,500
45

28 %I e T Wi 78 50~85 27.5 9.5~20 105 1,000
29 %E NA - 100 NA 19 9.5~20 66 627
30 b - S i 68 50~72 37 14~20 76 1,065
31 ki - EE i i 67 52~75 51 14~20 76 1,065
32 Hib = N i 109 38~91.7 60 14~20 91 1,500
33 e NA 3745 182 60~90 22 9~20 133 1,200
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a P8 A o BaEmR| .. WABEE| EiEs 58 | b1 | REREE &L

| MFEF S - (kj;) FE) T g em) ﬁﬁ(ﬁwf #E % £ (W)

34 I NA F7 7 90 75~90 20 9~20 79 711

35 W E NA F7 7 116 65~85 20 9~20 97 880

36 (W) EEN W i 440 NA 5 11~15 164 1,800

37 E ) NA i 474 48 9.6 12~22 200 2,400

38 x e EFS o 45 50~60 34 14~24 42 600

39 R NA |37 38 95 65~90 20 14~24 67 950

40 % N ﬁf*k o 10 35~51 5 10~20 20 300
EF

.. ¥ | -

41 48 % e | e ¥ ~wE | 435 45~65 7.5 10~20 194 3,000
EF

42 ¥ Af NA 3§51 76 40~62 43 14~20 42 600
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#3112 Brah 7 FIFEATHE

B2 R 4

YR T A BRORBELE R W EF R KT R B
1. "B et 3k b 54 15 750m ELRAHESE | 1. % E 4 BER@T50m piE ﬁzJ
A Ph Ex 2. * F'B?*Tﬁi&' 13’5§3;4~643§1 2. }x’r"ﬁ"- BiE . [ e M
T3 kT i E BLER 2 A Jap SEL 160 dB @750m * I‘ﬁ %
4, b SPL 190 dB@750m
1. "7 EPITRE B 750m LA [ 1. Rk E 4B EPEH@IS0m g
2. F R ‘\"‘w“l—lr.(ﬁ) 2. RTeEEHEE =l S N
SoFEE |30 ¢ ﬁa’ Fivz iy B ;‘1 F4r 2 AR SEL 160 dB @750m ; %
a1 51T 534 SPL 190 dB@750m
4, a;»m%
L B2 R ATR b 547 EEEIC) . %% 4BE%R2@750m iy B Fl
Sz e 2. F R BLEER 3~4 4 2. kTEEZ R GE el R
- 3. BAFiEeFSArERE SEL 160 dB @750m ; L7 N
4, Hfeb SPL 190 dB@750m
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W

RSN
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FIRFRALAR FREEES S ST INs ok
FIEEORE 0 BORET E900 ¢ > MABFE =4 7 g MR
ﬁ&%ﬁ%@%ﬁﬁﬁfi’ﬂﬁiﬁéﬁiﬁmi‘QMD
2 Maxwell £ 4 (2022)% # 07 7 & % » WA g
bé@ﬁﬁﬂﬁﬁﬁ#ﬂﬁi#?ﬁﬁﬁm%%,éé:
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HBRF(GEH) KTz THA -
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11 & R @7l %l & kg2 3

(1)

B T 7}% e

% ¥E(Entanglement)

BEF TR LR REDAEMPAER
SETPERES S RN ¥/ S - R 1 st
AR aY

NI

S~ MR TS
o o TRR% 8T b 'R odE
Bm 3 Al o Y Bk &P F SR WA R G
i R DR MR MR e R o WAL S B
A % DR ) oF S R R T Sl S R
(Bailey et al., 2014; Benjamins et al., 2014) o

Y B B -E’mﬁflr’

TR ERAE FIE WA E <

o i ,u;;:;%gs%raaag
g FI ARG

a ﬁ?\t
-
34

S Ty TRy R
FAF LTI g > FILG A AT ﬁﬁiﬁiﬂf o
2 EH L FliE LGN RE ST R g TR R P
AR E o R R R ERET 2R blRE
-

7 41(Read,2013) » H A% & B 3E4p $ b "ﬁﬁirg o H
o AR A s (< B gRaE 2 AR L R)
(BFppr~2 & % 20) L p st RS
(% % fr >~ REEgR2 56 )% L RAPERIA (R 5 R G
X AR A A S )E P B E A PTG R DR YR %
(Benjamins et al., 2014)

VIR 2B S

pae ’#*E’*ﬁimﬂ

Bop B AT S SRR M A RS R
L SRS 8 SUEN SRR o - R Rk A2

%oﬁﬁﬁﬁmmﬂaﬁglé IRl sl R En
TR JE A SRR
BB T AR LA ARG RE EERIIRE
AF AL G 8 LT
@%@opi%m’—@awéif%@%aﬁ%mﬁ
o R FARBER GG F LR (AFPRE oA T
R SR - S o) - A1 ﬁ%‘\( P#g) B~ faAn ¥ B
FR) BT a5 Aol m ke E
E 4] #% $ (Langhamer et al., 2009) -

TARAASFLL O AFHT

¥ ook & AR A

TN s BT

i
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11 & & 7% i %

Eymi g

LG o Fla bl p e o BEIE L F IS 45
BoREF E L) R R RAE G ik B e s R
FHRGE S o g AR B T R TS Bp
HooomdAFNA & 2P B & % HE(Benjamins et
al., 2014) -

b5 2 BF e YR (R T A € FIE B EE S
K fedsmham 5 R LR @ PR L 27
PARR B e I F] G A w] L BA R4 B A
(Swept volume) % & & o Hi4r o gk #op e & 4 cjp ¥R
(EERE SRS RET CRRES EOELI RS
MR e o B SRR A T A ENTH 0T
WP - LR u_i*uﬁ 2 #2 % # % (Benjamins et al.,
2014) «

b

FpLaE R AP BB %-ij%fgﬁg woR 42 2 %L"FI FR
R RN B R R G T
AR E R R F TN

& AP MR T AT Xk 2 B T S MR
fei KRG AR AR SFE@R L o

B REL ﬁ@%%%%ﬁﬁk%ﬁw%%
BEAUABFFEAR AT N ERSFEE B
B WER I e AT if@g%‘ﬁmw 0 3
LT HH

:1

Er - BE S GFAEEA RSB RN R
Wip A F 2R FRF L EE BEE v 58
PR R R BURTEE I

BEgE et o dan i agd4n
Koy AE e Ji kil SRS -k B 1 R N .
®EEBEERAT T ia?%r - " VA
jﬂ—ﬁt’g o
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111 # B @3 B% R &

EX E

(i)

TERE-HDALAMAED BERARE BT
'MEEIF%@/&'—*L—Tf@m%/B BH BT
Pt Lonfek e

FTRE- BT RFTRATE MIT R AR AR
Jf)k‘i’: /ﬁki&é‘}%& MR ERETE 0 B LR B R g 4
BETEDEIPR G o

L i m’{’—jmj\j"p ERRES SN N R a2 S

? E R LR E RS B 0
%‘ UFE R A e AR G A
m i A E\‘én};]_,_._w#q—% °

m}
oo
=k

e
3
9‘/

=opE 3
=y
3
R

A
o
=

FAL N R AR RS G A Rk }@-(Kot et
al. 2012 Krausetal., 2014) » &+ ;ﬁd R FRaEE I K
%ﬁ&%m&%’@@#¢$a#ﬁ%ﬁ@ﬁ%mgg
FEm A E AR MRS -

=% % % ¥E(Secondary entanglement)

XBBYE AN BT PTRT p LS

AEE RS A ROEETE > AGTV A AL FL A5

b * (Baulch and Perry, 2014) o & F = "% b 47 { %
PR RES B ad,éﬁ'»@xa_ o m Yo% KT A AHE G
FRBERA (Ao &SR R EAR) R E HEK
s B~ s S I Ao T R X hEYER 'R o
FhPT Do p TR F2 P FEH S b THEHE
RREEA KGR RETRDRE L T
B o Fpt > RFARFTE TR AN AL LFFL
#en ko sep e T e H b % (Snagging risk) | (Benjamins et
al., 2014) - &é‘.?ﬁiﬁlﬁé b R BREELE FR
LR FRHATRALE? M FUEG g P
fars * ek Hoo

(iii) ¥4 = 4% (Habitat displacement)
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1 ERmsmEl b 2Fmed

ok b WORLIRE A BN SBEF A
T § A E R (MAe L 8 AR AR )ES > N f ok
el %i”?“}ﬁ'i%i*fﬁ’m GEAKE R AR
B(blhomed BFF & X Pl A B aR) o d EE R 1
FIAT il 3 2 W%’Pn%ﬂﬁm@4@g%w,'ﬁ

F%—Kﬁé#ﬂi FATE A e B A2 Ao (B dos e e
B i 4 e ﬁ@%%%i44ﬁ€£ﬁ%ﬁﬁ%
ﬁfm)-,\? %mﬁ?f\‘ » R g%ii«ﬁ"ﬁéﬁ\g— iﬁ B

e LS T RS

BB fod @ AL G S TR SR ER S O G
oo R e o b o BT SR ET Vo
¥Fendeo ¥ i § B S PRI chi (4o d ) &
ARGl F IR S H 0 A2 hI%E B D 5 #E(Bailey etal,
2014) o * AR TR T ST i € R B A ko
® 5 L ~ 2 {oik % e * (Ronconi et al., 2015;
Dierschke et al., 2016; Leopold et al., 2010) - b 3¥2E ¥

AT g Ry da i B H 4 o FI L dpdailen
AT g FREE b iifspa@ »om ERBEYE S 4y R
2 WA b % - 2 (Marques et al., 2014) o 505
ek o FZER*HAECSHFERE THDETLFR
(53] i i)+ SRR 1R B A (R A f8) ~ RLEL B 6 4
(B3l nfr fa) 1 2 e - boac RPN TG EOR
EE?K °

(iv) 3 BL¥ 2 + 3§ (Habitat destruction or disturbance)

AT R R R N G o FIh B R R
fAMEfeRRA P EHERT R Ak #Mé“ & ;g -
MR EREER F R AR KA TR B
¥ B R v 75 4 58 (Highly migratory ﬁsh species, HMS) ¢
w374 4 #f(Coastal, pelagic fish species, CPS) s3> B E 5
PR IR o d R RS T > AP AR s ¢
SRR Tl T R R PR ER AR S
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111 # B @3 B% R &

EX E

v)

(vi) &

o

BB PFER E  EEIGER b SRR g 2 R
Eh 3 0 RiR2 FELRE SRS FRPIRE 5]
Blod N ARBA S BEG 4B TR S A
AFr ot EEr Tl PR R BRI RRE T €

RS S R -

Pt 2 AN s T L A R REE 0 HEA
BAFEr O G RIEATFYT > B AP A RKIIH
ke ORI RIFE Y EHARE S
HE A4 F = e Milleretal., 2013) 4p B T35 b %
R N R SRR B AR AR T Rk
R ¥ R 5 e s ROR I8 R (B 24y 4 e B)(Davis et al,
2016) » 3§ 4e /4 B i ff 4 5% A Bk K Y e a B
B4 47 (Wenger et al., 2017)

-k 7wk 4 (Underwater noise)

T LE RGBSR R o b R S
PROPER G FRG - 0 FE R BEEE L Sk
FERIL AaAL o BER S 5 BT T3R5 b B8 g )
A A B 7 <« > e Marmo et al. (2013)m1‘3_ TEp
B DETEGNALBERIES VR £ S IA
(5 10%) - %¢ fw (Balaenoptera acutorostrata) % % ¢ &
/4 9% (Phocoena phocoena) € {7 % :2 % > ¥ B e
FEISN T oM b PERRY A2 P SRR
Foae A &L ATR G B RER] b B ] frlicE Y
2 g X g ies i x £ ¥l R B (Marmo, 2013;
Mooney et al., 2020; Tougaard et al., 2020) -

SE oo

THEA A DT EHEF EF 5 i ¥ (Electro-magnetic
field cables)

BHERIFIRAPEIR  FEIRPBEFFIRRTH
ﬁ/g"t.t}\}é] P B TR '”%&%ﬁ:ﬁl—ijm/#ﬂ Ve oo i H
{ BB TF mi\aﬂ: TR B ”Q'gﬂ_}i o B WS I
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Y I L s

AN

Mgt b A SE(F A E #5) ] Z 5 4o B (Gillet
al., 2014; Thomsen et al., 2015; Copping et al., 2016;
Hutchison etal., 2018) o pt #F » J 57 & #7:¢ = e (=
Sl ) poan v @R 3 R 9 LA R EF R

R oo
Ll
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11 # B3 %f & kg 233
7 3.1.1-3 FH R 7 A EY i g S R
P B4R W 1) W PR 2 RTRE 5 55 <k

EEER | B8R PPl SR MERR R A o FHE L | FV Benjamins et al. 2014
) SR ) « 3 g (&) B
(Primary N
entanglement)
BB RS | PrHELFS L P H M B | K RI{oiy | Benjamins et al. 2014;
%) FEE RS | b AR (Aeh " ke 46 O Harnois et al., 2015

|
(Secondary P H sy -
entanglement) B4 4
HE FE b B f’s? HERBRL G | P (BAE? | B B E¥NE | £ 9 %3 2 % | Bailey et al., 2014; Bradbury
(Habitat i 0re e i Bk AR T): |AAFET w B LA | 2B s 0w |etal, 2917; Cook et al.,
displacement) KGEN 2 | #4872 F BapE e |2018; Dierschke et al., 2016;

EEre \ Peschko et al., 2020; Russell

N ! etal., 2014

)
B AES | FPALY |G FeX g WFLRPA R L | @7 a0 B8 | Davis etal, 2016; Harris,
* J»Jf?u E gy | AR A R AR iy S H | B Y 2R 2014; Hutchison et al.,
(Habitat EAd oy | BRFERES A R ik 6 AT & | k4 e | 2020a; James and Costa Ros,
d§stmcti0n or | (s~ 3 1, v ol T A (i"f«‘fi)?“ A 2015; Miller et al., 2013
disturbance) v 7 ) S de 2 0 ARk ?ﬁ 74

%’ Bl 2~ eh

26




1R gopmEl b sin

P B4R W 1) W PR 2 RTRE 55 55 <k
s LR F B3 18 | s b (4w A IS SR SRR S Y Banister, 2017; Conn and
(Vessel KGRI IS RI% % a8 )il 3 1P fRdE > RE R | ™~ & 7 4 [ Silber, 2013; Hazen et al.,
collision) # 5\ ;;L iié%i; 12 N SR hS | AR 2016; Maxwell et al., 2015
QB AL & gy P " PR I A

I RIS R

A
FHRIEF(S |RPBEFD | BEER ﬁ‘gﬁ 0 Fliiid N b enT 5 | SEE R ch | Ainley et al., 2015; May et
) i g ERL G S LENRETRLNE [ o al., 2020
(Turbine = v B BT a5 %
collision) A F] 0 R R b e

2275 % A

THEOTE (GRS AN RS e Sl ﬁﬁﬁvﬁj G —?jz’;&%ﬁ‘ e | Bennun et al., 2021; Gill and
3(EMF)3 | FAPR T | ¥Hp REA T FhokY o FIRREBT | AT EET Desender, 2020; Hutchison et
A e | EHTAL h | F prhic 4 0 7 PR AR o TR Emﬁ*‘%ﬁ # | @l 2020b; Normandeau
%ﬁ EMF P 3% Ié’\ Z;‘F" Fd = ;[%_m/%g -7 _zg_.g K m P ;to?:lllg, 2011; Taormina et al.,
(Electro- AN
magnetic Ho
field cables)
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11 # B3 %f & kg 233

2)#

WoZhar AR Mo A AR

AR BERPN AR AR H A B £33 S BHRGE
FRE BT HETEE RABREUR2F O BEFTAZ ARG
B2 e G 54 A3 01040 1R E 54 B3L1-9~F
3.1.1-12 ¢

RN E Ny R A S u A
AES AR ER R (BS11-9) 0 d w1 g
HABFELERILBERFEN > FP P 5 KEE NI F L
FRORER R EFEPIMP G BIRERITE I R
W - X ITERFEFRT R TP o

BECHEENEFTE LB OB B RS- PHEAE
HEFIE CPEDRELIEFIEL Y B FF S AT AR

W BRI 50 B ETHETE D RERE TR A
LB s /‘f’ /ﬁ%ii)’l'%‘ff'% A8 ﬁﬁlf—/ﬁ'ﬁ% ER 3}7%335 1 f.f.(’?]?) 1.1- 10) H

ﬁ*‘ﬂﬁFﬁ&%ﬁﬁaguuﬁgw@&éqmm - o
BAREA R ELRLBREREP) > B v ARF D R

Eﬁéa%“%ﬁ%ﬁé’L%W%“Mnﬂﬁa&ﬁmwﬁg
FREAE T AR nE R 0 R 4r BB 4] s R TR RRS
ERAE o gt AERET R ERINKT R PR AT
Pl FREH S ARSRTRA UL 2 rER R LK A
AEERT ’Fh%”mlﬁ BHEEOR A AL eIt A 5 1 H 2 R

=
=%
A

PR FA R PHEL LGRS I EGORAEN
%U@ﬁ&%\&i@lﬂ” 3O HA R R AR

PoRBAS CAFELFALT L T HRRFFIE S BiLE
Aa R

AR "'r/%i*rﬁq‘%iﬁ@féﬁl FEE 5 3% 0 A B L AT T N
AR BB RERARD - EPROEF AR IRy F 2 G
TRk R A EEA AR E (31111 o Sm S i ok
Ey N4 LR RLRETREFR
P BRI e A 0 3 R AR T R SRS IR R
WLRFTRT4 om &P A pEmRz]| Rz £ 255

™V

PAET > B A A
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TRV AREL ALY F0 ARET I RE HiRE
WO AR ERE T A RBRFARY FY ARLT N F
PED BRI AMITAE R ERILE1 o BT AR
PRFERGE 1 R %2 W2022&7 =10 R E10P 1 5

(2L 38-2022)° @ s A F PEsA < Af > ST B R
THREFRFTFE BRB oL I RETY B F Y
ST AAmREL Y NG F RERE L ¥ L A IUCN 2011
Eorat ozl 3 E-E X BUAIR5 5 5 B (vulnerable) % & 5 I £
PO G OTREREET AR B (R A AeE X 5 2013) o BE K LK 3%
#ﬁmﬁ%%%&’ﬁﬁﬁﬁﬁﬁggﬂﬂﬂf%%ﬁWﬁam
FEHRW > e RIPHEPERA 24 FLIREAFDEL
AR {.Tﬁ:ﬁrp EYEEE o

L REE AP SAS I AR S e S SR o I ¥ 1
RFAEWFZHEE R ¢ 7T ARR LT f;”jﬁi—g«;,t R
B ORIEEA o ARIEBCEVIZ By P REFEHETRRE > E
B s FE 11320 (F13.1.1-12) - ER/E X R AT S EPE
%K?%f\%%@@fiﬁiﬁéﬁT%%’*ﬁﬁﬁﬁﬁﬁ
FORER AR S KBS AP L EC00 ) F R R (F
A H5002 %)~ F A (1,000 7)) 0 FHFFEETEE SRS
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