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Abstract - The sustainable operation and development of ports is a key industry for Korea's national economy. It is increasingly more
Important to resolve conflicts with local communities due to port environmental problems such as air pollution, water pollution, noise
and ecosystem destruction while securing port competitiveness through infrastructure expansion. In case of the Busan New Port
development project in Korea, construction has been temporally suspended due to conflict with local fishermen over marine sand mining
for construction. A primary reason Ior this is the absence and limitation of qualitative port environmental impact assessment
methodologies in Korea. This includes the current investigation of fisheries damaged by ports. Therefore, the main purpose of this study
Is to propose economic valuation methods r assessing environmental impacts that are essential for efiicient port environmentai
management and or sustainable port operation and development in Korea. To do this, this study examines the overall port environmenta.
problems and their eflects (damages) through the analysis of environmental policies and case studies of domestic and overseas ports. Then
economic valuation methods are suggested for total economic values (TEV) of damaged environmental goods and services. Among the
proposed methods, Habitat Equivalency Analysis (HEA), as a more scientific data based method, was applied to estimate marine
ecosystem service damages from the designation of Busan New Port Anchorages. Finally, based on the study results, more efiicient port
environmental management will be achieved through the institutional adoption of the proposed economic impact assessment methods for
port environmental damages.

Key words - Sustainable Port Operation, Environmental Impacts, Economic Valuation Methods, Busan New Port Development, Habitai
Equivalency Analysis (HEA)
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Table 1 Potential environmental and resource impacts from

sea port

No| Environmental Issues

Consequences

Air Quality (Nox

Material(PM), etc.)

, Sox,
1 | CO2, dust, Particulate

Health Risk, Welfare loss

9 Noise pollution and
vibration Welfare loss, Marine resources
. and ecosystem depredation
3 | Water Quality v P
4 | Dredging Operation - q
5 1D ing Di al arine resources an
redging Dispos ecosystem depredation, Coastal
Water | change, etc.
P o] T t
6 Development and Conflicts of local communities,
Expansion Land impacts on local amenities,

housing prices, welfares, etc.

Material Spills

7 Oil and Hazardous

Marine resources, habitat and
ecosystem depredation,
Property damages, Recreational
opportunities, etc.

8 | Road Congestion

Welfare loss from Increased
traffic congestion cost?)

9 | Ballast Water Discharge

Invasive Species

10 | Light pollution

Welfare loss

2.2 B&ulof dd H

Table 1914 A

=
(consequences) =X 993 (impacts)?l A7 s, AT
ARAL L DA AE S0 Al AdHE A
SH(market goods)Z €2 1 I3 d-&
sjuksh F& A (public goods)e] A2
AA D A 2ol WEe| @i, Ayl Al A
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fEAul

PRl &7 o] wEFe Tk wmE A4 B {oEN =2
F7AIZE S B ST dn] 8o For o]Fojx] Ut} (NIS)
2 A H] 2 (environmental goods and services)’9] 8]z A <]s}h
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HNatural Besource Damage
Assessment(NRDA) of Port Opreation

Commercial and recreational fisheries

Enwironments and wildlife loss

— Inwvasive Species

kdarine Enwvircnments and MNatural Rescurces Impacts
— Human Health Risk # Public Welfare loss

Coastal area damages (e.g9. Recreational beaches loss, wetland loss, etc, 2

tdarine Ecoswstem and Habitat Degradation

I Total Economic Yalue of Environments I

I Use values I I MNMon-use wvalues I
[ 1 '
Direct use Indirect use Opticon | _ _ _ _ _ Existencs 2 Beqguest
values values walles values values
— = Economic Valuation Methods E"' =
h 4
I E conomic Yaluation fApproaches I =
T I Restoration Cost Approaches I
I I 1
FRevealed Freference Fewealed Preference Stated Freference l -
Existing harket Surrogate MMarket Hypothetical MMarket — Rescource Eguivalency Analvsis
I (RE&)
— hdarket Pricing Method - Travel Cost tethod (TChA) — Contingent Valuation kdethod — Habkitat Equivalency analwsis
(e.g, commercial fish price) — Hedonic Pricing kMethod (HPR) CCOWRAD, ete, C(HE &)

Fig. 1 Economic valuation methods of damaged environments and natural resources from port operation
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= Fig 18 @vred 2 uw gals 9o 84 2 1

Qe gt 93ddH 7}t (Environmental and Natural Resource
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B HE7]s ARl T dig 7RXQl 3F
(Indirect UV), Z18]31 M A7}~ (shale gas)9t 2
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(Barbier et al. 1997; Freeman, 2003; Pascual, et al. 2010;
Salem and Mercer, 2012).
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Table 2 Total economic values of environmental goods and

services
Use Values (UV) Non-Use
Category Direct Indirect Option Values
uv uv Value (NUV)
Nutrient uest value,
) . Potential Beq o
Fish, retention, Altruistic
) future uses
Agriculture | flood value,
. . (as per )
Environme | recreation, | control, ) Existence
. o direct and
ntal Goods | wildlife storm o value related
. . indirect o
and harvesting, | protection, | to hiodiversity
uses
Services energy Climate and cultural
Future .
resources, change heritage,
value of
etc. control, . . scenery, etc.
information
etc.
Source : Barbier, et al. 1997; Pascual, et al. 2010.
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A69Z <EX 4£>E JFS e SAA A i AHE 7A
Hrhgelgt 3 4 Qe ‘eAd AT 7| sk
A8l Amstal dvk zEv ojm] of 2] ATtellA] A # g n)
oF Zro], H3 FAIHAE AR E oA T HEZA|HE
o3 o ZAI}F o] FAX AL YAIRE ZAL|Fe] whE} 2
AP Ad s 4 g Ee] AelatH, <HE 4>9] 4
g9 43 gEo] AgtEgdd A&l o] Atz %
o, elal ofd T Hele Axe el glojA FHA
glAe] 7hEste], slE onlde ZA5 I Haie) WHE x|
3l Yol WISt (Jeon, 2015 MOF, 2013).

53] o R vy F gy A ofd s it
Axel FARE /A8y flste] sl FAE-(2013)= 1470

o AFIAQ Fab A%

=
@)
o
[\~
S
[ry
<
N
)
By
o
o
Mo
)
UA.:
i
ko
s
of
ol
2]
)
2
ox
=
B
T o

o, AR, A 7HA e (53 d4E 9 HAR
A wsh QARG SR el glo), AA AEAY 5
o ZAANE BT} oby, slzelelold AAE AE

2 AFRINE G5, FXo] AFaA o] the Asiet
Aol AN AFRINE Qget 5 FREol A v
sheba Q) el olste] ofgiuls) W7t FAE L U A4
otk mAEow Akl AlRW <HE 4>oldE e
AETFOR HHAGO AP (LE 3] AT)E ASES
YABL QAW Aol Al ol RAHE AW FAel 27
sl Qe etAel ol 24 WEES Ageta vk A4

o

=, Al EAA e A S BT dAQ AT
HEE, 2007l HAG Fue] 29 ES fF ALl
[e]

ek A4 f20 FFeGAE HHE 9

CLO)SF 92 <A77
ool e} s
Fo| DARRR SR AP} AR, 337 ol
FHuf 24 (Commission sales records over the previous three
years)S Q3 ZAARZ AZEE WAt g

(KFAFPI, 2009; IOPC Fund, 2014). 184 20153 9€ €A,
IOPC Fundell Al A8k =4k 2 k21449 sl A4
110,33271 (¢F 1= 605 Aod)olH, olF HUFT=Ee

- =
R O

8
-z
[
>
ot
rd
=
rﬁ,
r o
o
o
o2
et
o,
b

A9 G A7 AL
51.2% (56,51171)°] 714HJAA T, 7R 29 96.9% (°F

] %1tk (HSDST, 2015). ti-4-e] 7
F8 olf kolA Held oYl EAA

Qapol, AP FReGgoR AT PATH:

oftt )

3
AEBAE THE A SARSY Fa Ak gl Q)
of WAE ZAVL obd, A AEHHQl o] ZA 1 ol <]
g g4ty Folzta XA H At IOPC Fund, 2012).
wEha] A e 2 R el g&E d= %
7 2 AAGAR) ] g g HrPHeR AN F
o ‘AT =AY AA A AAH ZFR(TEV)E v s}

3.2. MAIX| S7I2AM# (Habitat Equivalency Analysis;
HEA)

HEAE S48 e 2AdAngHe s
NRDA 7} 7} i &0 24, 19951 NOAA (1995)9] <1
HaAelA A5 27050 2000 2006 F el 5
H}4E AA v OPA stellA] ooz FsE ¢
A R AR 2o A Grpgor EqjEglen, A
Al A THA CVMY dIAAZ dAl FEX o=
£33 gk (NOAA, 1995; Hampton and Zafonte, 2003;
Kohler and Dodge, 2006; Shaw and Wlodarz, 2013). 12 3L
AA FFGAL BT of g} IR 55 E3ste o E
fEskE 9 AEA My G FPEE R AEE 1
A+ AAoltt (Ray, 2009; Scemama and Levrel, 2016).

olglgk HEA® 7]& W AMulz of Aujx
(Service—to-Service approach)©.2ZA4], J3S P
A4l @9 AH|2~ (unit service; V,)9F E-dAld o] Al
+ ©9] A8 (unit service from restoration project; Vpp)
of thal FWlSo] UhY wH7|(one—to-one trade-off)=
717 0] RrolERIthE oulE WSt JYrt (of 2 Fx).
Z, Fig. 2. a.¢} oA Eelupe} o] FRHot utiy
2 IHE g2 A AHlae gk Algte] AYd 2
Aoz &S Hed, FHIAE 947 I
(baseline service; v)7}A ¢Hd3] B-A¥ = AIZH T,) 74 7F
AR &4 (S)o] "tk wEkA 7]E I3 AYA ] ~9f
ALY H]5=28 AH] A~ A(service quality) S A& F 9
EAAL o] AlztE o], A3 77k o] dA VT o]
100%2] A % (maturity) eHAlo] =93t ( 7)), A&5717HS
grate] 1 o] e F5% AAABAE AFEHA =),
A71(S)eF HF2e o] HUxd e A7(RP)
Aot} (Fig. 2. b). Ao 2 AEA 3
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Wilodarz, 2013).

3t (Shaw  and

Resource
Services

Baseline Services
(if injury had not
aceurred)

L

Function

I I | I I
2000 2002 2009

Qill Spill Start of Full
Recovery Recovery

Time

a. Resource Service Levels at the damages Site

Resource

Service per A
Acre
(relative to the
injury site
baseline)
Maximum
100% service level of
Created Habitat
Maturity G
Function ——
25%
>
T T -
2000 2002 2011 .
Grounding Conip ory Comp y Time
Restoration Restoration

Services Begin Services Mature

b. Resource Service levels at Replacement Project Site

Fig. 2 Concept of HEA for damaged natural resources
Source : Adopted from NOAA(1995)

S YoM A3 HEA 7Hdol] ek 7414l As
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Z (0 =) /o)) (1 +7) Y]
: +[((bj_zf:1;,+1)/b/)(1+ )(0 (Eﬂrl))X%}
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3 (@t =0) /W) (1+7) 0]
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%, RP = slsln g AeA SAke el =17)

S = AAA A g Ag 27

v, = 96 e A Ageks el Adag
Aul s g 74

Vep = %98 QAT AFSE @9 A9
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] o] (baseline)o] AEfA An| 253
ol = 984 AT AFete tAFe MuasE
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424 AT Al
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S A, g BdAd R ATHE "WV\J AL Ha
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Fig. 3 Busan new port development and anchorage

olelet MEe uAe Agow A% YRy 2
A9 Ao ze] v)a g A,

%
D AHH AHgsEAel
S, Z1Ee] APEA Aul Aol T FAR
Hegol} clgtelq] Fol APHA EUL AAen, FF 4

Aol @ 28 % AF, 2L P4 3t
Soll ekl oislal® A ATk 2) AGA Fa9 ol gl
A4S AR GBe won, 414 A8 ) A
uhe) mutom Qg sy EA ] THsh WAL 4) 7
=
= T

El
HiE So7 Y F4 AL 52 L A A |

ukA) o

=
AARE AubA = Aukx) WAog gybo] FHEHA Y o
z g8t} infinite) 3 4= k.

o] Folzl JEjo]th(BPA, 2005 PNUOSI, 2011). zejv 9l
A AARE o 7HA ofdyel G "rPEEAde] AR

or Qste] Aol thak A 7L E eke] gEo] A&y
(BPA, 2015; Kim, 2012).

ek B ATl = AollA Hdd o] 7HA s e
2 A 2] a5l FoA, &g, WE Tz TAsE I
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AAE HEAS “s3to] 2bgatarzt o
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4.2. X2 (Data)

HEAZ 48317] lalA sla)4=s} s, s3]
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Table 3 Status of artificial reefs restoration project in korea(1971-2014)

Arca Years 197172007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 A | 7d At
Project area(ha) 198119 | 3899 | 4319 | 4167 | 3133 | 3214 | 27| 298| 22627 3501
ARl | Project Cost 39154 | 50453 | 44334 | 39384 | 44864 | 37933 | 40801 | 1074591 | 42430
z | Projects Unit Cost 392 | 1004 | 1168 | 1064 | 1257 | 1370 | 1365 | 1392 483 12.32
; (million won/ha) . : ’ ] ’ ) ) ) ’ )
2| o Project area(ha) 138979 | 4| e8| 52| 38| 6| sea| 63| 14239 489
o upic N
[y Project Cost
Artificial | e 416821 | 2783 | 3509 | 3120 | 2207 | 2056 | 4091 | 6053 | 440655 3,404
Projects Unit Cost
(il Cost, 300| 641| 577| 567| 600| 803| 75| 949 3.09 6.95
Project area(ha) 2,490 72 9% 9% 0 64 88 48 3,034 78
Afincial | Praject Cost Wrs | sm| 8B s0| 90| 9| 90| 80| 181% 99
Projects Unit Cost
z (il Cost 4731 1215 | 911 | 88| 1213| 1516 | 11.02| 1771 598 12.30
2 Cubi Project area(ha) 1,799 32 32 16 32 16 8 1,935 23
upiC B
Yo Project Cost
Arificial | Profect Cos 5709 2779 252 120 | 532 120 % 7136 9233
Projects Unit Cost
il s ) 317 872 | 78| 750 | 1663| 750 | 11.88 3.69 10.02
Source : KFRA, 2015
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7]31

3 oJggoz sk “APZro] A (Cubic Artificial Reefs
Projects)”°] 2008'd o] el A=At (KFRA, 2015). we}
A B AFA I g S MulaE AT U=
AR AT AL G S AFd o AL 082 b, oAt g A & B]-§
(marginal cost per unit project size (million won/ha))
10.02 Wgk Yo 2 stti(Table 3).

AA, B o] AR o], FIRAIGA FA A AF
ste Edo YA M~ FFE F ASE (maturity) 7t
100%°l Egsle A7 AFE AT 3do] Ad o] S HE 2 3§
w, QlFojx7t AR 2E AFsh= 717 AFFAE § 304
7FA 2 3kt (Choi, 2013; Kim et al. 2008). —12]at $-2ju&}
A QlFolze] AR Ak tig A7+ A Yoo et
al.(2014)°l eJgk ATF-E QA& AT.

upxjuto 2 A3 A A& (r)2 Y FFFAA
A3 ouetdd B4l ARSI e 55%E A&

o, ApE EAAE nwe #dAe e ApE A
Q&9 3.0% % A&3te] vl uEAEkarz} gt} (Choi, 2013;

Table 4 Summary of variables used in HEA

21kia

4.3. mshFd Z1t (Results)

HAelA AR e HEAS 4 7/Id 3 As(data), 18] &
Ao AF8E 74 (assumptions)S o] 838, FA4kgk Alg
MR Qg AukA] Ao w2 S FAE 2L A (3 FAVE
ANey gafoll gt AAIHA AAA I E FAs T Fig 4

9} Table 5 Wept vpe} o] Aps| A o= Fld 3&#
o] AEfAIAH] 2~ =4 (discounted effective area lost)2 -3t
2 o] Folxl AA| 2z ofef FH FolH, o]¢t T
o] AHARlITo . AEAEAAIG o8 307t AlTEE Q)
H Myl =7] (discounted effective area gains)®= &4
A7)19} $EE (equivalency) A13%E o]t}

wp2lA] I8 7] 7Hinfinite) &<t A S FAYEN A I &2 G2
438727 ha°l™, ©]¢} S 7Hequivalency)sti= 3,166.7ha2] <!
FozAEE 304zt AlFstd Hed, olF EdE WA 4

o2t

}AgubR] AgE w8 EAAEA T oF 31754 ¢
o7 FAFAY (Base case in Table 5). &, ¥ A9] 7]
FAA A (Base case)= 1Az ALt 4dA N E

100%°l =gsto] A&k 7H stell A FA 83l

fe e

Variable Names Values Remarks
tO 2008. 06 —e—Discounted effective area gains(ha)
TR Infinite —m— Discounted effective area lost{ha)
Anchorage area(895 km?) 3000
+ 1lkm outside of
S 22880 ha | Apchorage(1393 895 2500
km?)
Proposed Cubic 2000
restoration Artificial
Project reefs 1500
Margg}:élj e((fé) st of 10.02 one million won/ha O
Restoration
RE, 2009 Implementation year 300
T, 2039 30 years function of the o
DrO] eCt 2008 2011 2014 2017 2020 2023 2026 2029 2032 2035 2038 2041 2044 2047
oy 2012 After 3 years of RF,
. i 3.0% for sensitivity Fig. 4 Estimated discounted effective lost and gains from
) analysis busan new port anchorage by HEA
Table 4= A& Aurx] Aoz Qs G ENAl AMul2= 4.4, 2IZdE 24 (Sensitivity Analysis)
31] & 5 AAEEAl W ILE 9]F Q 2= 0
ifﬁj j ¢ e ;J‘j};iff?ﬁ ( At‘i‘f*}?;‘; 0S8 HEAS o83 418 Aux 440z ad 554
itk = A2z A2 92 A7) (f)e AR = s . ;
me " 0 ° ° HA o] g B3E 29948 8(compensatory restoration
=13
A tt& 7}A(assumptions)e|y Z7del ule}

A=
B lFolz:ARd ol AIZEE AIV(RP)E Ao, <

FoA2AIY ] Tl ke A7) (T)E A A% F 309

o] Hi= 2039d o2 Aot el S P A9 ¢
FAEA 27 (S AFE AurA A B4 (895 k')
ukx] 912 1km (393 895 km?)E U3 22830 ha ¥t}

7) Yoo et al. (2014)F &1z AFdo] AldlE o]F <QlFolx XA

P F 3dAd BE AEEI 769%0e WA geba o
76.9%, 1213 39 o] Fel 4dARE 100%2] A& EE

o= EI_O]'E‘ Zd

costs)> E 7}
v = gl7] wjiEe], o]d mE RIFE A4S Al
A, Yoo et al. (2014)8] AF+Ad o] FH5 ], A3 A%
¥ A7} 76.9%°]1 (Lower Maturity case: LM case), ©|tj
2 a9 A2~ dx (2039 7HA] A& Ethd, QlEolx B
ArA Y =)= 40282haz AAH, T BAF d|AE
4036 M Yoz eI

o

B Fw aeel AHA Auls FES dRdz wasgen, A
W

God Addnger A8

;2 A 385%, 3dA

o FQstel A gargit
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A&7

o2

EA, AFS A EAE2 3.0%E AE3AS A5, A A
Al Fafel gk w2 ZHA TR st dAA iAol
78546.2 haZ Z7kstdom, oo wel Ed g o] A7]¢F #
A #8534 = Base caset 4,136.0 ha, oF 4144 We] Yo g
Z8]3 LM case 5,286.6 haoll tisle] oF 5297 Wl o=

7V ol FE A

Table 5 Sensitivity analysis of environmental damages
estimation from the HSOSA

Mhede A% B84 e dedl B A5 (I:

Total Total Total
damaged replacemen | Restorati
Estimation Cases habitat t habitat on Costs
areas Size (ha/30 (million
(ha/years) years) wons)
Base Case 5.5% 43,872.7 3,168.7 31,749.9
Discount
LM Case Rate 43,872.7 4,028.2 40,362.3
Base Case 3.0% 78,546.2 4,136.0 41,443.2
Discount
LM Case Rate 78,546.2 5,286.6 52,971.7

SAERAAN S ALE GFHL 12 Fure] A%
3 1

A G ANLE feiM = iz 4S5 T FTHEA
g gtEe] TaAdd A, 7, 2L q, R <l
g FAYA v T FHEA A g & delE
S AGAFHE eke] Aesiart v A4 Hal Sl FA
oltt.

upeba] 2 Aol M= A, el Fate] e Aot
AR 58 Skl Ak PR Qlste]l A= 10
o Pl (W71, a5, Fded, &4 3 SR
71, den, 1 2 AEE §E )9k ol dste] 24
7Fedt dai(FH 2 AFFae] A7 ofst o FAL,
g B AL, AeiAe] Jal, 2Elal o= Q17 A4
YEete] o 55 £A-EA AT

A, olelek e gEAle] &2 HelE Sl &
s o s dallE 2 S AAHQ 7kl thgk o] s
o} dealaol ARl 423 FrAgS A ARA] I
g FrpERiEe AAe] dAeldt & ¢ k. weEkA
el 24 B AA P H7HNRDA) W Eol gk A9
ATEALS Eote], IntdTor dIE dL BAA = A
Hl27F 7R AAA9 AAH 7HA] (TEV = UV + NUV)¢k
o2 A¥Aola detHor Hrtd £ e WHEORA,
vl OPA sfell A A 0.2 ARE ¢l 5 7h4] NRDA "
22, 1) CVM 55 FAe® 3 AAH 7HAFAHIN

(Economic Valuation Approaches)¥} 2) HEAZ W% %+ H
e A n] -8 (Compensatory Coast
Approaches)& A A5} T}

A, AR SHES A SEvet g o 5

A Qe FARL] U FAe A Brhgel ojgva

Replacement

WA AT R A AGB % AY FG Bk A

aEAsto], A A H 2 TR ol B dha
S|

ola Aeldel Aol FFed oA HZAL

2]
el EAEE AAsEATE 2Ea oo dijtd & =+ e
B el ARE EAR FAo| 7lset HEAE 283}
of, FAb At AT Qg AukA] A Aol wE sfged #
AdAMn| o] A E FAgeAv

A, A3 Ao Adem g A Anj=AY
(22280 ha)ell Bigt o] §wA = WAsh= FPA, dA8 F4F
ol it v)el], AejA stzjoh FedE som A FAY
2ol gk FAA A E Ao MHlAE AleE & 7 e

A &g 43AHEH 100%Y J5EE 714 ¢ Base case®
749 g ¢F 3175 Yoz vyttt a8a UiE
S Sote] 3.0%9 &R e AxE= 7H4g3 LM
= 5297 Qo7 FAE T

2 AFAA BAAUAH-EH HEAE A &3te] A3 A
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