FRILT ¢ |7
MmAmUE

iR FEE S RGN AN EREF /TG
— Kl “EHEE7 BimmESC B

FREF, A K Ak, £ A

(REMWF R AR TRSE, L7 KiE 116026)

WE: A BEARMRASHSN, $EFLESANENEA LB A DR EFE T, FA B ZE
BWERAG], SN TASZAAANENERE REOELE. EREAVEBESAEMERET R T34
ERSNEHGRE, TERABEN 694, RATRBASTAREGRE, AARMERE T Hbstw
BA FHNAERRZENT A, AFNRAA BB T RNGANL, TAMK. HREIRZEE, A5G
B RARE, sFiB RS R AR RE R R G BRI H R,

KRB mRRT; HEASAENE RE ASR

RESHES: X55 XHkFRIRAD: A
DOI: 10.11759/hykx20190906003

Tt VTR AR S IR B R BRI, Il
A 3 PPAG AT o R B A AR, I 1 S
TR MO R BN G B . PRERK A A R IR L)
RORHUKY o HEH SIS, & PR PEAG 25 R I
KREEH | AARNAEBRP ERAERIZEm, N
T T AR PEAG A & AT B 6 AR AR
LAV ORT, LATT 32 B0 0 TS 9 9 L W 5 T
2B PR HEATITAL, Jo R FF R T X AR AW B R
BEIAGY, RS I E B, R A 5
A= W) I A T (A0 AR DAL A 5 B Bt 25 365 3 AR A
POk, 6FHAR S 0y PFAk AR B A R IAGR,
T BT S ERA 2w M E AR, R A
PRI BT P A S E A &
HXT R SRR — I T AR RS RSN E S IE,
e DA SR B A B e A S R G, — s
HEF S I R 56 1 A A5 R G0 R DY AE A (BT (R
FARGEARMED . B NZEMER I Y A 50
WERME, SHESA AL, x—FdEoh R £
SCH AR AR B . VR DA v ) A A5 400 3 T
fli YA S, 5 UL BE{H (emergy) FR 8 . A: 254 (eco-
exergy) e, BRITAESRENTEME R E PEAL Tk,
P A TR RME G i s o A FE VAL v, AR A S
FEME T 7% TR R B EE B i e 2

1 BEESAENERENIFRE
11 EES
g S5 LA 0 0L 0 (RIS RR M . BB i

X EHE: 1000-3096(2020)04-0085-05

R ST VAN, T BN AE R RSB AR A
FIW HAEAENAE, a7 Bl A A ol 32 SCRITEA 1R
Fo RBEEEBRGBITNENT), EERGEMIT .
S5k SRR R IREHE S A O, REMH, WA RS
WA AR SR i, — AR RS TR
Z MK HAE . LARBME M FEUE, BT Lo s 4k
KIAREME, 428 R GA5H HhaY RSS2 i) #h 2 4
PR BV 23 [ S5 00 RS FRES MR A T <3 —4E>
Ak i R AR T, X AR — PR R 0 AR Ak T
DIVEM A2 8 R G AR B [ 52 BTS20, B S Bk 1 S
A B 55 4 2 A0 1 A 40 5

MIT T2 B, B RGBS SRS
R M SR (exergy), BTE RGMNG EREH
L5 LR LA I 3k 31 A e RE AR B k0 A S
ARG T, YRR Z A S (eco-exergy), B
& T AN B fERE AR Y IR R AL R, 1R
BT AR R G A LUK W a7 bR

Wi H#H: 2019-09-06; &1l H #1: 2019-12-30

T H: HRAREEE R E(172DA172); MK E S0 LT
PR (2016 YFC1402301); Hh sk oy A5 B A< BL ARl 55 9% % 290 %% 4 101 H
(3132019329)

[Foundation: Major Projects of the National Social Science Fund of China,
No.17ZDA172; National Key Research and Development Program, No.
2016YFC1402301; Fundamental Research Funds for the Central Universi-
ties, N0.3132019329]

EFE A TPETF(1970-), Lo, WHLIRM A, W+, EENFEKA
FRAGE PEA BRI FSE, E-mail: yanzy@dlmu.edu.cn; FhoK, 151
# , E-mail: sunb88@dImu.edu.cn

Marine Sciences / Vol. 44, No. 4 / 2020 85



Bt

PEAd H, HARAE O] fe gk e . DhRe I iE, J& T4
WA E A Y E B E A,

BEE A ASMAME S, TUNESREH B
e BT KRN E L FEPEN N TEME . 76 %
THPEA AT DLKE RS 78 21 3% F 17 S bR o ) £ B PEAY
Hf, DT SZ A TAT 1) T 0 U T P2 4 PR A e o o
1.2 HHEF*E

BEAE BT e TR A R P etk e i, 0%
Mk, LT R AES RGP EITHR A, FSCEA LT,
T b mg A e )

N
E,=YH, M, (M

i=1
En=Ert (2)
Es=Euw/Enr 3)

K E,CAREE ), MRTEFMEBIN A i 09T
(2); N HPEOIE N A YRR 2, H oA i B 3AE,
(J/g); Em NHETE (sej); v N REMELAL I (sej/g); Ems M
AEME RIS T ME(3ETT); Enr N AEIE BT M LR (sej/
XI0).

PEA T L PN B A 25 2R 8 0 A 25 () 333 4 R T
5 SCHR A B R AT R R

N
Ex:Ed'Zﬂi'Ri't'Mi 4
i=1
Ex$:Ex'ExR (5)
X B AR R GEAEDEA I BRI DY A0 359 18] oA 1 A=

AME(KD); Eq 4 S BUR AW Re 8 /9 A i BE(K)/g);
B AR B AR @ FA O HE RS B B RO
R R () IR IR (a); Ens AR 2SI EY
P MANE(EIT); Exe A4S B G LR (GETT/K).
RRE A S R P R AT i i Xt A AR N FE (L
OE R S I
AEg =AE ¢ +AE ¢ :(iHi -AMZ-J/EmR +

i=1

N (6)
[Ed'Zﬂi'Ri't'AMiJ'EXR
i=1
A=Y s e AL A R IHEE . KUAE . MK (fk
0e). WIne . JEne, THUE RV REIE, TE v

PUE AL, A EH AR,
1.3 A¥AHE

EIRAK PR — eS8, AR SCERE A BT
1R TR A R R MO, T TR M=M,
0.2 H, — R HL 4 kcal/gx4186 J/kcal, ff 25 HL

'm@mARm1E

5.5 keal/gx4186 J/kcal, TEi#2h4H 2x10* 1/g 1'%, ¢ Hdie
ok H SCHR[15]; 43R0 4 A i K P BB 1B 4% 4R R
1.26x10% sej/Fht'), P46 BB U g 1.26x10% sej/Fifix
A A/ BRI R); Enr B 8.70x10" sej/3E 0! Ey
— B E 18.7 kI/g' Aok A Sciik; BR LLER K 1.40%
107 FEoo/kIM®

2 BB WG ESEN A
2002 4F 11 H 23 HAER BRI, O ARS8 5 5

b 5 IR A <4 107 2 0 e A i i O A 1 O

AL R AT AEE DL RSB, PEMiZ

i T R A AR E B OGO A R AT
FER, BRVHESNAEMEPFO A9 R

2.1 FHBR

25 (A b, V5 g i B 260 km® &, PEA A
UL BRI =510 10", BB T8 18 m.
T Y I P AR 0 AR IR TR A ) A, i A R e
W 1 AENE, RIS R ARG REANS
A 2 B I, A 250 (R P47 i ) 9 L o 1 R A
FH AT AR A 04 2 1 B8 v 00 A= g W 0 a2 AT AR
4G TR . RGP RR SR M 28GR IR A A
LR PRI 0 B

22 HHHE#£XR

2102 43 R AR AT AR A H AT A REAE 4
K. BRI LR £ 1 ME 2 ITRLRZ
AR RENTEM BB 1.51x10° K0,

FEFR 1 ISR 2 TR, ATRAS B IR A
SRR LB AR, B ANm® | A, T
AR TR RERE IS T, 0.005 mg/10% 4~ 77
W sk K 22 rh APk Z PO, B3 mm.
AR R A 0 19=0.0285 L2%°=0.0285x%
32939520 729 mg. R, W NIKFE(me); L AAK
(mm) o JECAT Bl 400 10 A B 2 40 R 1 BRI 45 78 ) S 241
3 A Hs

M 1, 2 0l E H, NIEIZEH 0 AL ) 7E R (E A
AR 25 R S AN ] . BE(EZS b, 28R
R, RFRIEY) 6 MR K, (BRSNS,
Forp, B ERBREWE R, H2 R R Y)
KBRS AL, A S 5 T #0971 i)
ARG, P DX A S AR AR A, R
BRI — R, AR, BEE A I TR)E Y,

86 HEPERLA 12020 4 /5 44 4 /5 4 1)



Bt

R HEEEE RammESEERK

) H@ART/CLE

Tab.1 Ecological emergy damage of “Tasman Sea” tanker oil spill
N e s EMECER afERAL BeEHR ARfEAE 1k AElfLx
i Y tin Ak AM(g) AE,() (sej/T) AE,(sej) LS
! " AE5(3RT0)
WY 20.39x10°/m® 11.77x10*/m? 2.24x10° 3.752x10'"" 4700 1.764x10" 2.028x10?
FIEEY 455 4~ /m? 18.6 /~/m’ 1.835%107 3.670x10"  1.68x10° 6.165x10' 7.087x10°
JEMIsIY 16.8 g/m? 11.7 g/m? 2.65%10° 4.437x10"  1.30x107 5.768x10" 6.63x10°
KIkMIE 266.52 kg/km®  240.45 kg/km®>  1.356x10° 3.1219%10"  3.10x10’ 9.678x10%° 1.112x10%
%ﬁ*ﬁf 2 2 8 12 7 19 6
. 36.69 kg/km 33.75 kg/km®>  1.53x10 2.562x10 3.10x10 7.942x10 9.128x10
Ve iz 25
iﬁ‘r y TR 24 BT g;'ﬁ j; FhiE | '()2,?:;.0/*; S0 77X 10%sej 1.699x107
J=San 1.44x108
F2 “BEHESR" RBEHESMBK
Tab.2 Eco-exergy damage of “Tasman Sea” tanker oil spill
S| JE#% % R(a™) R F B AERIABAED) AR T{EBRAES(3ETT)
I 230 20 2.70x10" 3.78x10*
eIk 32 210 3.228x10" 4.520x10°
it iiE5IEY] 6.5 166.5 7.508x10" 1.051x10°
PN 2 499 3.543x10" 4.960x10°
TCE M) 3.1 310 3.849x10" 5.389x10°
BT 7.002x10°
X A R A 2 2R 0 B 1R A A A AN S R XA 135 W5, AULHEAT AR R GRS M E

dP RS o REEMAESME R T RS
()5, SR A A DA S S T P R B AR A A
o BT RIZE RS, RE(E AR b i WA S R G AR T
B GEA BB E, 1 A 25 0 AR A ) Sz e BK B ik
FROOPE, DRV B ZE R

FRE SCHR[19], 84 Hir & i 8 v 1 AR S A S
PRI RLE RN 1.824 {CE AR, Horh HEFI M
E A R AR Ol B, A 359.05 TiUT, #9i%
SR 1.97%, BRI AR EZ R 1.788140T,
17 98.03%. TGS SR B /R TCIE Ak R b A (B 480
WK, MASCRZR 1, 22 MEIEM S RO
2002 4RI AR R : 1.51x10° 3E70x8.28 70/
FI6=1.26x10° Jt, EIRIEM L5 6.9 %5 X b A
A BR WA s AT R PR, AN 2ERE T, i,
FEATEA v 78 o T] 2 e 17 U0 A 00 %) A 00 60 0 1y
SE VRIS IE], RS — 8, AR A 4 458 2 0 (B IR A
VNI E AR, B i S8 i 1) T 2 5 A A=
Y, T . D25, fERbE LIRAFIRE R &
YIwe g A4k, A T TS il A R

LM AE DR M Hml, BEMEES RS

VAR PeRERY . A S NTE B E R I AL S
(0 22 25 e 55 O (EL I 6l 2 BRBEAR 9 B H AR I IR AY
FLEMRBL Ui 5 F PPAG T, i g A 25 N E A R 45
FVRAL, BR TR IR BLAL, R WA R A T A
FIAE BB SR, X6 2 AR R A DR R T I (19 97 1 5
W, HASEHR . BRI RSN, A RERGE AT
X Vit 1 2 5B A 3 A T iR 2 KUR: TR

TN UK B R, R0 A 285 89 3 7 {E
1 PIAf 30 8 6 AN RE TG 2 W AR S PRI I T 2. fE B
R AR VAL P, BRE R A A AR 2 [ b 3 A
RANTR), BT 25 R T VR S 75 e A 2 Y 52
SN 8E B DRI . 340, XA B RS &
Gi ARG KB DI6E L, & 2R REE M A2
AT SR AT A, 5 B Y A A B,

T R T A
4 HiE

VEERVT T REAELAI A= 25 M DA ¥ 0 U vih A= 25
ARG NTEN B E A T 1%, JF A e it
ik i HOY B, BRI T TR A S RGN AN (E AR E

Marine Sciences / Vol. 44, No. 4 / 2020 87



Bt

Fiml, I PRI G A R AT HU A S5 2R 3R
WY i o0 T 1 A S TR A (0 3 K T A S I g A
{H, A#EREHER 6.9 1, (UHZTHHE N ZEAL A%
S AR AN O AR A RGN RENE AR 2 A 2
PR B A 25 22 G RARBEA RO B, T A 24 7 22 Ak
YRy 3Rl RO R EOSUREE eI} A A SO K/
A7 TR

MRE B A BEHEAT AR A RGN E VAR ) — > G i
Ji) R e 2 R B0 AR R ER S B o R AR AR T A
FIOFAERS IG5, (AT LU AR SRR AT SE 1 Al o
3o, MRS R R WZIRES WM S S e — H 2
S RGIEAG PR, HX AR S R G AT g R
SO AR N i — B TSR N A

S Z ik

[1] RETEINL, BIEFE, LI, 55, W5 g e )

GV H BB PP A B[] R g R AR,
2017, 33(3): 69-72, 77.
Xiong Deqi, Liao Guoxiang, Jiang Lingling, et al. Nu-
merical evaluation model of oil pollution damage to
marine living resources[J]. Journal of Dalian Maritime
University, 2017, 33(3): 69-72, 77.

[2] sK4kMh, RAE, EE&P0. BT AEBESEN 40T 06

BB EWALD]L PR AN - B 5HEE, 2015,
25(5): 162-166.
Zhang Jiwei, Yuan Zheng, Wang Jinkeng. Ecological
damage assessment of oil spills based on habitat equi-
valence analysis[J]. China Population Resources and
Environment, 2015, 25(5): 162-166.

31 THH, 306, shpix, 5. 1A S0 VA
FEFF ROT RG], I R S5, 2015, 1: 92-96.
Yu Chunyan, Liang Bin, Han Gengchen, et al. Discussion
on procedures and methods for assessing marine oil
spill ecological damage[J]. Marine Development and
Management, 2015, 1: 92-96.

[4] Costanza R, D’arge R, de Groot R, et al. The value of
the world’s ecosystem services and natural capital[J].
Nature, 1997, 387(6630): 253-260.

[5] Buckley R. The economics of ecosystems and biodi-
versity: ecological and economic foundations[J]. Austral
Ecology, 2011, 36(6): 34-35.

[6] Toth F L. Ecosystems and human well-being: A frame-
work for assessment[M]. Washington D C: Island Press,
2003.

[7]1 National Reseach Council. Valuing ecosystem services:
Toward better environmental decision-making[M]. Wa-
shington D C: National Academies Press, 2005.

[8] Elvira B, Flavio P, Luigia D, et al. Modeling matter and
energy flows in marine ecosystems using emergy and

[10]

) H@ART/CLE

eco-exergy methods to account for natural capital value[J].
Ecological Modedlling, 2019, 392: 137-146.

SRTERE . TR RSO BREE A B2 1 N AE  (E
JEWERTFE[M]. dbat: HERE SR R, 2006.
Zhang Dezhao. In-depth humanistic care: the study of
the intrinsic value category of environmental ethics[M].
Beijing: China Social Sciences Press, 2006.

Jorgensen S E. Ecosystem ecology[M]. Jdb&t: Bl2EH
JiAL, 2011.

Jorgensen S E. Ecosystem ecology[M]. Beijing: Science
Press, 2011.

Jargensen S E, Meger H. A holistic approach to ecological
modeling[J]. Ecological Modelling, 1979, 7(3): 169-189.
WUTSE, BAe R, KISV, WIHEAESRENIENEIT
b D7 LR — LA T D 0 [0). IO IR 2 2 4
2014, 33(4): 585-593.

Xu Hongni, Sheng Huaxia, Zhang Luoping. A prelimi-
nary study on the intrinsic value assessment method of

marine ecosystem taking Xiamen Bay as an exam-
ple[J]. Journal of Applied Oceanography, 2014, 33(4):
585-593.

Odum H T. Self-organization, transformity, and infor-
mation[J]. Science, 1988, 242(4882): 1132-1139.
Jorgensen S E, Nors N S. Application of exergy as
thermodynamic indicator in ecology[J]. Energy, 2007,
32(5): 673-685.

Whidi. SR F AR O 4 DX 3t AR 25 R 48 BB (B 20 #7 (D).
JoMN: ARl R 2, 2003.

Chen Jie. Analysis of energy value of wetland ecosys-
tem in Yancheng Nature Reserve[D]. Guangzhou: South
China Agricultural University, 2003.

W TT, B, Bz, ERATERGRIE T HTM].
Jemt: Ao Tl i, 2002,

Lan Shengfang, Qin Pei, Lu Hongfang. Energy economic
system energy value analysis[M].
Industry Press, 2002.

Jorgensen S E. Introduction to systems ecology[J].
Journal of Geophysical Research Solid Earth, 2012,
92(B8): 7783-7785.

Jorgensen S E. Ecosystem services, sustainability and

Beijing: Chemical

thermodynamic indicators[J].
2010, 7(3): 311-313.
XU, AR S H 1Y [ KRR A LE 5 E bR
il R BT IM]. de st R U, 2010.

Liu Jiayi. National claims legal mechanism for marine

Ecological Complexity,

ecological damage and international oil spill case study[M].
Beijing: Ocean Press, 2010.

WRIG . Th AR Kk 28 iS00 L 1 HE 3R A RN R
SE0). MEEESTE, 1964, 6(3): 272-288

Chen Qingchao. Research on reproduction, sex ratio
and individual size of Zheshui, China[J]. Oceanologia
et Limnologia Sinica, 1964, 6(3): 272-288.

88 TEPERLF 12020 4F / 5F 44 45 1 46 4 3]



HRERTL » |7
H@A RTICLE

Assessment of the intrinsic value damage of marine ecosys-
tems caused by oil spills: case study on the oil spill accident of
the “Tasman Sea”

YAN Zhi-yu, SUN Bing, FU Hong-rui, REN Jie

(Environmental Science and Engineering Institute, Dalian Maritime University, Dalian 116026, China)

Received: Sep. 6, 2019
Key words: oil spill damage; intrinsic value of marine ecology; emergy; exo-exergy

Abstract: Based on the analysis of emergies and eco-exergies, this paper supplements the intrinsic value of the ma-
rine ecology into the assessment of oil spill damage and analyzes the characteristics of the ecosystem intrinsic value
damage assessment by considering the “Tasman Sea” oil spill accident as an example. The damage of the ecological
intrinsic value is much greater than that of the ecological service value, and the former is 6.9 times the latter; the
change of the emergy reflects the damage to resource accumulation, and the eco-exergy results highlight the impact
of an oil spill on the ecosystem of the primary productivity. This evaluation is a supplement to the current oil dam-
age assessments that can provide guarantee for thorough and effective environmental management and ecological
restoration, and will have a positive impact on marine development management decision-making and public envi-

ronmental awareness.
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