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Marine biological damage assessment of oil spill based on resources equivalency

analysis
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Abstract; Assessing the extent of biological resources damage resulting from oil spill could help the government meet the
necessary requirements to develop policies on marine biological damage compensation and biological restoration. There have
been a lot of researches conducted to assess the damage resulting from oil spill by using revealed and expressed preference
techniques. Those researches provided some approaches to quantify the biological damage, and some useful management
suggestions for government as well. However, the techniques used for assessing the damage remain controversial because
some techniques tend to overstate actual losses and some computer programs cannot reflect reality accurately. Resource
Equivalency Analysis (REA) is a tool for assessing biological resource damage which has been used in United States and
other countries to identify restoration project for biological resource injured by oil spill and other anthropogenic actions.
Termed “ resource-resource” , REA seeks to determine the amount of restoration needed to compensate the biological
resource losses. Penglai 19-3 oil field, located in Bohai Bay, attracted much attention due to the accident of oil spill in
June, 2011. Data from the investigation report revealed by State Oceanic Administration showed that the accident caused a
lot of damage. The damage extents of benthos and non-Benthos are 30% and 71.4% , and the damaged areas are 1600 km’
and 6400 km’®, respectively. This paper assumes the marine ecological reserve as the restoration project, which could be

built by releasing fish fry, building artificial fish reef, making sea grass bed and so on. The scale of the marine ecological
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reserve should be 1059km” to achieve the initial level. REA is based on the provision that restoration services are equivalent
to the level of marine biological resource damage, and this method requires discounting the future cost and benefit.
Parameter sensitivities are analyzed and it turns out that some parameters of restoration could affect the result significantly .
the maximum annual output of biological resource, starting time of restoration project and the service period. The increased
of the maximum annual output could lead to a reduction of the scale of marine ecological reserve. It could also lead to a
reduction if we build the restoration project soon and lengthen the service period, so the restoration project is indeed needed
to be built up and come into play as soon as possible. This paper concludes that REA offers an alternative to traditional
analysis to assess the biological damage. What's more, the results could be used as a reference for government to conduct
biological damage assessment and restoration. Applying the REA method in assessing the biological resource damage is only

in the beginning stages, and the theoretical discussion have not yet commenced. However, it provides a prospect for the

continuation of in-depth empirical research into the future.

Key Words: oil spill; resource equivalency analysis; marine biological damage; biological restoration

Wt 5 3 [l 1 3 52 oy i A 3 o A9 A ik R
REEIYR, Y LB AR RO P B AR SR E L —
HEM A A VA Z BRI ST IR AN S SRR O Hobk
E R TR A8 S 10 , 75 B 18 S MRS A S iE &2
A, B SR PR UETREAE BT A 7 ) AR A IR A
R BUR R TER ST T7 AR A 35 W B D AT o
BRI BN

Pl A 272 AR 0 T i T 3 BRGF) TE E AE B D B 2R
SFEPGTNEIAT T REPISE, SA L EIE L3
FIBIFFECR : (1) 3k . VOB S5 iR A2 10 22 3 £
R S s, VA Tl 98 R IR 2 5 1 S Y
R S5 T 0 A sl A A o i i 5 S8R T A
BRGMEE I SCHMSCRR S S5 10 F 247 52
ARG (2) BUEABIIE . 2 AR 45 43 31 42 3
BB A RH L2 R8I0 53 o = A 9 25 e
L A A B0 BRI [T DR A 10 3 i 1 A 25 45
RV () LEAANTE . WSy A AR AR X
$0T S TR U T, R I YA AR S E O B R
Bk EASIRSS DIRE R AR R 5 A BB
BN I G PRI BTG Ok | TR i R
ARUALSR 2 M0k 55 dE AT e AL PR FAE 2B
T

JUAE AR T AL B I T B S B 1 7 1k
PRZER SR FHERIE B3 6% 1k 07 ik 42 i il 464
& AT REATAE T 3t M sl A A 22 496 1) B P
AT E VA R AR IH S A F B i P R B LA
AN BE VRS A O MR A i dih AR DL, DA T AR 2 5 B
A5 SRR

1996 4, 3¢ [ 8 5 i 1 5 R A B R a0 A
(< 19904F TG > [ AR 2 IR A0 1E AR 18 5 S0 1) 7
SRS AR B TR VP A 0 R e AUAL U AT T A
HYRE A2 , I 77 4 9% U555 A 49 1 72 ( Resources
Equivalency Analysis, REA) F1 4= 5% %5 iy 43 A7 15
(Habitat Equivalency Analysis, HEA) 74l 32 4t B 2k
BEIREAE SRR S I ] o (3R 2 A AR PR UR AR S IR 55
T B A e B 2

It J5, Fonseca. Deborah, Ando, Viehman 5§ X
HEA 7E %% I8 450 3 PF Al vh ng i F 2847 1 18 40 4K
fafL10-13] ,Steven . Matthew £ % REA 5 5 ff 7 gie i
PRAL T, 2010 4RIk, FR EA #6432 06 A0 4y
BT AEME T A R vl A 26 5 1 18 AR BE R4 35 PP Ak
7 FHHEAT T 025 40 B (R SRR ST AR A Ak T
AP BL TEFRAR I S EOEFE AME B TR AL
S8 S5 T AT AT BRI AR 25 1]

2011 4F 6 F 3 [N E 3K 19-3 il B A A i
TMIEXF F AR PR R A= ) 9% ek ™ AR AR TR
T3 3R T 13.5 T8 N R AR Ml B P A
FrE A PR B R WA B A L X
WA R A A2 1 JCAR L T 3 A0 A% 1 25 ) 9 U B
Aty AR YRR R RIS LB Sy AT A
15 LUME B B BELL K7 3026 m) gl 150 BH 0] Vi il 199 A= 1)
BRI FEAEHE— P R WE TS R B RY . A SCR R
SN AT, DLAZ 4501V A W B R 52 B4 T 2 i
R HE LR A g W 2 T ) 3 BBCOE 1 2 25 AR 3P XA
B2 TR @R TR AL, 1 ) A2 0 9%
IRFATIR M o 12 S HESR AT S8 4], 7T Sy

http ; //www.ecologica.cn



3764 VST

% 34 &

7

BOR 4 )R PR AR S
RIS/

1 MRFE

PRI | S A S A UK

1.1 AR

G AT B — N AMEE R TR T
MBS TREIR 55 DI RE 5 =2 450 A= ) 5% U5 i IR 55 2 e
SRR (A HAN R [ 0 ik, Al s is 2
TARARURE , ESEBRI b, i SR 4 BR < B -
4D D D A 4 T R 1) 0 R R 2, TR 2 oy R
EMIHTE (REA) SR IR« A SR 55 - A S R 55
I JEr DU S A B G S b g 463 2 Rl £, IR =2 ok A=
B AL (HEA)
1.2 A5
1.2.1  IHEZHA Y B RY SR IE

Pl 1 om0 9 VR 32 45 300 1) A AR A e
BB A= 56 U 32 A i A S BV IR KR A, TE T,
B R A s i, A IR B RS A, | B S TR
FHERS , R AR R B I ] 1 iR s , 21 T, i
PRI BN FEL K . WA I S2 40 T 1R 31 58 AL
2R AKOT- X BEit ] AR 1y 98 IR A BRI T R 2K
LU T S BB A B A 1 R A2 A 4 T Y 4

K,

PRI Quantity/%

v

Bl Time

B1 REZHRPEDHETNHER
Fig.1 Quantity of the damaged resource

VS, Ay i T S A A A RS K e A B,
Q, AHEYTIRZ BT, 1, i AE ¢ I R3S K

MR Z AR, r B A,

7>
1
S, = I — 1

1 t;}oll(lm,_n (1)
1.2.2 JHEAMEEE TR AV St EIUE
B — TG AR B2 TR 8T 2 Rk
&5 TR Ao AR A E 0L, T, MBS

TAREIFAR RS 18], et b2 52 T AR I iy 22 Wy i
N0, T, WAMEEE TRIAFIFEL K B, HMFE],
Ty A AMEAE S T AR AR 55 4F BRAS SR Ak i ], 0 P 2 A
SRSy M B T REAEA BAME A BRI B4 A2 9 ¢
i ¥sNE

A

FELIKF

BIHBR Quantity/%

v

5t Time

B2 AMAEE TRANARETLIER
Fig.2 Quantity of the resource of restoration project
WS, WAMEGE T A4 Y 7 IR B 25 5 1 B
{8, Q, WAMEEE TR R EAMEBEE TR
1E ¢ WS EE R,
> 1
5 = ;T‘}QzR‘ (1+7)"
1.2.3  IFEAMEBE TR SRR
Fig FEGE IR S5 M 0 BT 3 1R AR L B AN B 2 T
T A W YR A 2 2 IR A5 T T 3 )
W EBAE, B S, = S,, WIAMZEBEE TR 5 AR
Q, ",

(2)

7 |
;TIQ‘I’ (1+7)™"
0=, ] (3)
l:zTgR‘ (1+7)"
o, Q, WAMEAE T TRERUL, 1, s i 7E ¢ i o5
W RRZ IR, R, A AMEAE S TRAE ¢ B 5
MIEEAREE, Q, HAEWGIRZ R, T, Fik il
RAERFR], T, RS2 84 Wy e 2 30 R e B U 11
W], Ty MBS TR IR, T, AEMEE R
TR B ARG R TR, T, MAMEEE TR
Y RMEAEBREE SR R], r L

2 E319-3 M EEREY R REREITE

2.1 I SEEAE O
AR (GE R 19-3 It FH Vi 3oty = g 0B 5 ) £ 4H O T
SR AL AR AR ) 2 ESE 19- 3 1 L T i U

http ; //www.ecologica.cn



13 4

iy AR ST TRAE O 0TI BV U T A BT IR VA

3765

B 11705 &R X R b B At
Siig (R 60 I WE 441 | AR 48 120°01'—120°08, b 26 38°
17'—38°27", it B 1 [l N P 34 7K % 27—33m,, 2011
46 H 4 HFN 17 H 33K 19-3 0 SGJ5 & A ikt i
L,

i T8 1 B TE S 19- 3 Y H BRI R EL G b v AR
2491600 km* W IRUTFY Z 2015 5%, T6i Y & o] i Vg 3
JECATG A= Wt il i Y ol B 55, 2R W B R B B R
TR A ) 32 B 3 5 VRS T 5 v B AR e Y X I
PTG A5 8 A2 180

i Y1 35 87 FE B A P G TR A 2y 6200 km?
(AR I 7K 5 Y, T Yl 1 S5l 7 i A ) o 2 R 2 R
I RRAIG, BRI S5 sz 25, 2011 4F 7 1, IRIR4h
HARECE TR 69% ., Yk T3 1 J 15 Y 1 58 6 B AN
FEHE A B FP 2IS R %% 5 1819808 5 (E R IR B2 R B, 2011
AR R ORI AT S T R 45% ATFREAT
Py BT Sl R % 90%

2.2 AEYTEIRHE R AR

AR it 0 6T T A ) O R i R b 7 T 1) 45
F AR NEAZ I E W B IR A S IR R 4y, B
Z5 R A Py AR A A= 9, b AR A A L 3 T
s g A g AFHEm S

(1) A A 1 3

PR ZR Y 36 TH 48 8 1600 km ¥ i VT FR 4 A2 51135
Gy AT AR B A 55 5 16 I DU R ) Pr A A 5% L AR o
B, BURHGAE D) Z BT 2 R 1600 km?

Z: 18 2002 A 84 07 2 v e A VAR TG I VG G
AW O B T 32 S Y i R A A
Y W 2 30% , T A U it & A 7
TR, SO AR W) 2 R BN 30%

(2) AR AE 41

PRI Y0 35 il 4 i 6200 km? 1) ¥ 388765 7K 52 31175
e JENCAAE Y (TRIESh AR 00N AT HE A ) (1)
A= B8 R R 52 15 G it 38, AR IR A2 4 32 5 T AR 2
6200 km”,

HRAE (3 19-3 il HH i i SF e & I A 4l 6 T
HEOAA LIRS W A A5 1 2011 4R 7 H TG
YUV A T Ui 4 AR B T B 69% , 101 F- 34 %%
FERTT SclH T R 45% AT HEAO T % BT 5ol T
K% 90% , WG e 4 A AR | f0 B0 A7 HE 0 = 5 2 400 78
FEAr IR 69% 45% 90% , 454 Valiela T4 H )
A AR R 3 A R Y PRI 4
ahifA 0O K AT AE i = 3 e g 3 0 AR W i LA
WK 59.8% 13.4% 26.8% . ZANKGTE 40, JENE
WA KRR R 71.4% (£ 1),

F1 ER19-3IMEBEREHERNEYRBERKER
Table 1 Biological damage caused by oil spill in Penglai 19-3 oil field

ZAHPRSEA ZAR BTN ZANFEE SRR [T,
)L‘ll)'—l EL\

Type of damaged Category of Extent of Total extent D d area /km?

resource damaged resource damage/ % of damage/% amaged area /xm

AR A= 4 RS iz LRI 69

Non-Benthos 14 5 45 71.4 6200
At 90

JEEAAE 4 Benthos JERIAE ) 30 30 1600

2.3 ZHUEYBCRIBURARE AT Wy o IR Z I O oA W 2,

TR 2451 A4 W B IR B R 21 00 5 B T v J2 2k
KR, SH EWNINE i &k A5 A YR K )
WFFT R SR T, — A% L T T RS 3R B8 A K B
7—10 a, M AT K E WTHFLE 2—4 a, T
T & T PR, KRS e e s, — Bz 35
YerE WK A LS DR IR AR A B e B K s
B, i A AR 0 IR 2 BRI IR K 7R 2L 10 a,
EIEHIE T EE 4 a, WL F FF U8 5540 o B ik xR

2.4 HMAEE TARRAUE Y EIRAR A B
FR, It 5 52 45 5 IR el A S b e 4= ]
JREHMAME E TR A VI SEBRAY , B 2= A I 1 AR 25
PR LR RAE LGN, G0, R E & A A
BRES, WA AR i i SO K AR B — 4
BRI TR AT

http ; //www.ecologica.cn



A

3766 =

A,
&

Eild 34 %

F2 EFR19-IHBBHENERERZRELER
Table 2 Biological resource damage caused by oil spill in Penglai

19-3 oil field

Z: M8 [ N AN ST T T AN S TR A S N 22
BSOS IRk A S 19-3 {1 FH R T BRAR, A S
RS — MU IR A A DR AP X o o B A

i W R AEREREY o e T o
Ttem Year Benthos Non-Benthos &@ﬁ% ‘%@ N Yﬁkﬂﬁ ’ﬂ%ﬁ %ﬁiﬁ , ﬁ?“l‘@ ¥$ /EIE % {ﬁ‘ ‘{}E
f*ﬁ%’ﬁ@ //E{k . 1600 6200 3G FRAE , IR BIAME SZ IR PR T e A A5 R
amage area /km” . v e A N NETRSON N
A 10 T AR b AL 545 44 O M B BT e AT
10 4 S I
Recovery time/a E"Jﬁii&ﬁ@ﬁo
P o i FESIRRATE IR HIHER L 6 24
Extent of damage/% 2012 27 53.55 e ke e - I L ey o s
2013 24 35.7 {i1§ET$IEqi§§&*ﬁH1&Rﬁ{£J&E{Eﬁﬁz?&%
2014 21 17.85 PIXAE 2011 ARTFAR RIS, 5 a WIS S, 55391
2015 18 0 N N 2 Ve ST W — e
ORI 20 a, BHLAMEE T AE (620 9 B IO IR A S L
2017 12 JRZMER R VIR TEIRAE L 500 0, B3k 58 iUR I8 3
igiz Z AR ELR K I AZ 40 0 PR A SR K P AR IR (3R 3)
2020 3
2021 0
R3 BEESKRPREVREESETNHER
Table 3 Change of resource quantity in marine ecological reserve
AF ] Year 2011 2012 2013 2014 2015 2016 2017 2029 2030
LEYIFERAR ™ i Annual output/ % 0 20 40 60 80 100 100 100 100

2.5 AMRBE TRAHE

iz JHBTIR AR o0 B i, RO AME B TR A )
BRI A TV i P RS R B
EAYJEI, B B3 S, = S, B AR B 5 T RE T
BRI XL Q,, TR Z B 4, i A A

(3) MRS XAEZ FHAER A 1059 km? .

T, 1

2 Ql[t T

=T 1 +r)™
no DT 059 k?

Q, = (4)

'I‘5 1
YR

t=T3 t (1 + r>l7T3

x4 WEMZEENEMESH
Table 4 Parameters used for calculating the scale of restoration project
2 fifid Bl
Parameter ~ Description Value
o PE B IR S B B 3 AT A W) S A T AR 1600 kan? AR JFEA A ) 32 #6200 km?
I, TRIMAE ¢ A A PRI S AR R E G IR A ) 52 SRR BE 309% FIAR AT A= ) AR FRE 71.4%
R, AN TR O R gg%ﬁﬁiﬁﬁﬁﬁﬁﬁ%ﬁ%%&ﬁ@ﬁmﬁ{h?ﬁﬂ&ﬁéé% BRI T, A
T, i A AR I ] 2011 4F
T, AV W B URIR S ) B B 5 (1 N ) 2021 4
T AME B T AT IR I H] 2011 4F
Ty MBI TR IR B IR ICAE BE25 A I 1) 2016 4
Ts HMEE R TARARMEAEBRSS A 7] 2030 4F:
r IIES 3%

2.6 SHUBRE T
75 REA BRI K B 20 2, S BUE R
ARG AT BE LR e AT R T AT A AR B 5 TR ML i

W—E A EN, XEH RSP AR(4) P ER
SR RAGUE , $R USRI U S RO AR A Xt

SHERIR AL,

http ; //www.ecologica.cn



13 il

8 T BTIRAF A 70 i 00 VR Tk A ) R T PR

3767

XTI B3 AR Al ] 0 1 D A ) O T U ¥
A E PR B T 00 BRI | T A A PR AURR
DX B2 Ry 3% , W 1 2 B 458 S 50U Xl B Ry
2% EPEAE SR BT ARBUR K IE R Ry 19 A3
TA A ¥ VA S T 96 1 A S IR B SRR X, sk BN
AN 3% , ANTT LA TR 43 HT

X245 A P IR 0 S 85, a0 AR W 0 TR A2 45
TR Q, i TMAE ¢ B S i) R IR SZ 4R BE 1, Vs vil
KA T, 5245 A 4 5 DR S 300 3k o 9 U e )
6] 7, &5, H BT X 52 5 2 W 0 VR0 3 AT
A RTINS ARG B 1, N T T 2 (R s 2 AT Bl i
B, O A TR AT

LA U 3 A A IR AP DA S (R i Y M4
2T, MBS HREARIE A B I TR AR AR AT —
N SECEE AR AER 25 B I B AMEAE B TR
TR, it LI HLtE A T 2 B0 BURR B A M AR b B

A 51
100]------------
| |
I I
I I
I I
I I
I I
| |
15 |- - | |
1 L
>
2011 2016 2030
A iR 3
X o0l
E‘ 100 ‘ !
g | |
= | |
O I I
I | |
& | |
= | |
R | |
1 Lo
>
2013 2016 2030
I
I
I
I
I
I
I
I
I
|
I
L
L
2011 2016 2035

XS S TR v 45 2 B0 B0 BE AT 40
B, A IR 15, 0 R 45 S BOUE, AR
L 4,

Mg LM BE TRV A EH 0 4
H15%;

15 5t
7 80% ;

T 5 3 AMEEE TR AW A1 K A0 B
2012 4E75 Jy 2014 4F

T 4 fMEE R T AR A B B LK - 1 413 F
2016 4FAE R 2018 4

T 5 AMEBE TR A RKMEEIRH 20 a
A5 25 ay

T 6 AMEEE TR R K I 4
PG AZ N Logistic 1K,

AMEBEE TR FEL KB 100% 48

A Wi 2
80 [------------
I I
I I
I I
I I
I I
I I
I I
l l
I I
: >
2011 2016 2030
A figst 4
T
I I
] ]
I I
I I
I I
I I
1 1
I I
1 1
I I
L L | -
>
2011 2018 2030
I
]
I
I
I
I
1
I
1
I
I
1 1 #
2011 2016 2030
Ay Year

B3 &ESYTUTEE

Fig.3 Change of every parameter

WA (3) , FSHENFAMEBE R TR
Bl Lol i, 5 U 5 rp B A S U AT

P, BT A i AME B 5 TR AR R (K 5)

http ; //www.ecologica.cn



3768 A EF E MR 34 %
x5 SHHRESW
Table 5 Parameter sensitivity analysis

1 L%‘hj:‘l;% JEN=N S 5L P =SN=N P =N=N S 5L PEN=N
i H Oricinal i 5 1 i 5 2 i 5 3 i 5% 4 55 55 6
Ttem & Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

case

W15 7KF- The initial biomass/ % 0 15" 0 0 0 0 0
FLL 7K Maximum output/ % 100 100 80" 100 100 100 100
YR IR K A7 Starting year 2012 2012 2012 2014* 2012 2012 2012
KE Z D S A AR AL
LB £7J<_$E/]¢Fﬁj 2016 2016 2016 2016 2018 " 2016 2016
Year of maximum output
FMELEF AR End year 2030 2030 2030 2030 2030 2035 " 2030
A= 1A K BRI EL Growth function 2tk et £t Lt £t A Logistic *
AMEAEE T Scale/km? 1059 1046 1276 1238 1088 875 986
2 4 T AR A A A 2
AMEET TR (L5 1o 20 16 5 173 6.9

Rate of change/%

FORIZAL AL T 5 R S AR

M5 T AR MR e E TR SR
IINVIBAHR e R AMEAB S TR A MUAE 7 A AN ] A J8E 5
Wi, MR S TR B B Z K 52 e B ol I
VAWM B S TR SRR 55 K P il 8 2 i
SEARAE WG IR FE LK, W) e 2 52 T AR R
BRI, 300 AR B TR A YR T iR 3 K i
AR ST, B HE AT R AR , R AT LA 25 /0
MBS T AR R, 15 W 7 36 0 28 Jim 2R PRSI it
A TAREIFHE A JLAMELARRR , DU PR AN 2 38 5 5 [
MRAMEIA . T340, i TAMEB 5 TR 2 0 42 3)
Xt TAERUEAS 2 A — e 2, BT LA S A2 52
AR R AR I A, 36 2 OUE 1 B — € BB 22 18
TR, 75 DU AL 2 52 M) B A8 52 TR MR A MEAf 8 | 3
i B AR B PG SE B TR AR

3 Fit5iTie

A iz B IRAE M 43 B i REA, LLSTAE J5 026
AR Z 40 H AR TR IR & B I K1 5AT, I Ab
PEAZA 1A SR 0T R Bl IR 55 D A2 0 28 58 4 8 5 I )
AR KA LAY RE R ] HAlh R B YR B AR
At 55 71T 3 P i st i 2 Ay ) 5 T AMEEAE S T
FRA WG UR A S 25 i AR A5 T 32 300 0 U Y A 2
TEIUE B S5, A R AME B S T AR AR
A i Y0 A= ) G EDRE0 E A TPA FAMEAR TS

MR T R AR A GESE 19-3 Tl s il 35 o A ik
R IS B A IR A4S B
X JECAVG A5 9 R JECATG A 0 110 463 3 A 4 381 h 30% A1
71.4% 45 FE A3 4 1600 km? 1 6200 km®, # LA

B E A BRI X AMEE E TR R M
3% MM AKT T B E R 20 a, Z A
IR R VR &2 B W] 46 K7, MME &2 TR HLA Ry 1059
km?® . SECHUBE ST R B #MEAE B TR (043 35k b
PEAERR I AR A 2 00 55 1 IR 55 7K 7 55 % 1A 45 SR 52
i) d8 3, U0 B0 3 A S BRI M B TR,
IR TR R R AR &, A SCEE IR TR
XS 19-3 T G T EA T AR B R AR AR
IRA] P — AR PG AMEAAE 5 TR A AL BN AR D 4 B8 A
ML,

A SCIN 5, 5 B ik — A 5 i A )
(1)izH REA 1— " EEABR IS 52 0 5 IR A M
TR TR IR [R5 | [R5 HA A AR R Y, X —
BBEAE RS rp R AR ME BN AT RESE B A, 3w N T2k
W AMEE R TRAERZ AR R LR IRk 4
BE X R A A ERE 0 AR AME S IR L
BIRFZK T 1:1 A B AMAE G TR 2k B AME R R
IR A FH— AR T 121 AR R A B A MG
2T ROMEBAES S5, (2) BRI
(R A R B B, A S B B A 2 S R T 4 ak
ZIC AW R0 34T R, i BOR ek i 11
SRV T X RS ) S PR A G 3K SR o FH A A o3 AT 1k 3 ik
FETERYERIG . 76 i T = R 2B I T S X A P ¢
TR R S B T HEMR S0, A RE 1S B M 19 2
Y I gt (3) TE3K 19-3 Il g i #2155
TR A 1059 km® , BEIAEWAL AL T2 54 (7 e B
AT Yl A TR S8 S A TV AR S R X T
A R AR R s R S S AT

http ; //www.ecologica.cn



13 4

iy AR ST TRAE O 0TI BV U T A BT IR VA

3769

AR I SR, LA B E 2 R S R, B
ZARA T 15 T2 AR NME S 1 BRI , REA
I 2 — AR B DT A ) B AL 2R It s 18 S L
BERAROT %

References :

[1]

[4]

[10]

[11]

[12]

[13]

Shen X Q, Ding Y P, Yuan Q. Damage assessment of marine
spilling oil accident on the natural fishery resources. Journal of
Agricultural Science and Technology, 2008, 10(1) . 93-97.
Chen F, Chen W Q, Wang X. Monetary evaluation on losses of
gulf ecosystem services caused by oil spill. Environmental Science
and Management, 2009, 34(11): 1-5.

Li Y N, Zhang Y, Ma C D. Economics losses damage assessment
model for marine disaser. Marine Environmental Science. 2000,
19(3) : 60-63

Xiong D Q, Yin P H, Feng X D, Zhu M H. Fuzzy analogy
method for compensation assessment of oil pollution damage
caused by oil spill from ships. Navigation of China, 2000, (1) :
22-27.

Zhu M H, Xiong D Q, Yin P H. Fuzzy administrative levels
analytical method for all factors affecting damage and
compensation caused by oil spill from ships. Environmental
Protection In Transportation, 2001, 22(2) . 11-13.

Gao Z H, Yang ] Q, Cui W L. Oil spill damage assessment of
ecological theory, methods and case studies. Beijng: Marine
Press, 2005 52-78.

Yang J Q, Liao G X, Zhang A J. Study on rapid preliminary
assessment technology of marine ecological damage of oil spill.
Beijing: Marine Press, 2011: 67-86.

Li J M, Liu T Y. Ecological damage assessment of Jiaozhou Bay
reclamation based on habitat equivalency analysis. Acta Ecologica
Sinica, 2012, 32(22) . 7146-7155.

Ocean and Administration.

National Atmospheric

Injury
assessment guidance document for natural resource damage
assessment under the oil pollution act of 1990. U. S. damage
assessment center, 1996.

Fonseca M S, Julius B E, Kenworthy W J. Integrating biology and
economics in seagrass restoration: How much is enough and why?
Ecological Engineering, 2000, 15(3) . 227-237.

McCay D P F, Rowe J J. Habitat restoration as mitigation for lost
production at multiple trophic levels. Marine Ecology Progress
Series, 2003, 264(2) : 233-247.

Ando A W, Khanna M. Natural resource damage assessment
methods: Lessons in simplicity from state trustees. Contemporary
Economic Policy, 2004, 22(4) . 504-519.

Viehman S, Thur S M, Piniak G A. Coral reef metrics and habitat
equivalency analysis. Ocean and Coastal Management, 2009, 52

(3): 181-188.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Thur S M. Refining the use of habitat equivalency analysis.
Environmental Management, 2007, 40( 1) ; 161-170.

Zafonte M, Hampton S. Exploring welfare implications of resource
equivalency analysis in natural resource damage assessments.
Ecological Economics, 2007, 61 134-145.

Zhang S F, Quan X, Tang Y Z. Evaluation of eco—Compensation
for impaired vegetation in Shenfu coal resource exploration areas
based on the HEA Method. Resource Science, 2010, 32(3):
491-498.

LiJ M, Cao T T. The application of HEA in marine ecosystem
damage assessments from oil spill in China. Chinese Fisheries
Economics, 2011, 29(3) : 80-86.

Zheng P K, Zhang T Z. Application of equivalency analysis
method in economic assessment of environmental pollution
damage. Environmental Science and Management, 2010, 35(3) .
177-182.

Zhuang Q H. Experts say that there are two big questions of the
one billion compensation. China Youth Daily, 2012-01-30 [ 2013-
10- 24 ]. http://zqb. com/html/2012-  01/30/nw.

D110000zggnb_20120130_1-03.htm

cyol.

Zhang P, Feng ] Q, Ge L K. The assessment of natural resource
damages caused by oil spill incidents based on equivalency
analysis methods. Advances in Earth Science, 2012, 27 (6):
633- 643.

Dunford R W, Ginn T C, Desvousges W H. The use of habitat
equivalency analysis in natural resource damage assessments.
Ecological Economics, 2004, 48(1) . 49-70.

State Oceanic Administration. Investigation and Handling Report
Given by Joint Team about Oil Spill in Penglai 19-3 Oil Field
(2012-06-21) [2013-07-20]. http;//www.soa.gov.cn/xw/hyyw
~90/201211/120121109_884.html

Zhou L L. The Appraisal of Oil Spill Pollution Damage to Marine
Ecosystem and the Research on the Appraisal Index system[ D].
Qingdao: Ocean University of China, 2006 59-59.

Shen G Y, Shi B Z. Marine Ecology. 2nd ed. Beijing: Science
Press, 2007 ; 248-249.

Jing W W, Yang J P, Kang Z Q. Effects of oil spill pollution on
biological community and population and ecosystem recovery.
Transactions of Oceanology and Limnology, 2008, (1) :80-87.
Chen G. Study of Fishery Damage Assessment Caused by Oil
Pollution[ D]. Dalian: Dalian Maritime University, 2002 54-54.
Wardrop J A, Butler A J, Johnson J E. A field study of the
toxicity of two oils and dispersant on the mangrove avicennia
marina. Marine Biology, 1987, 96(1) . 151-156

State Oceanic Administration. HY/T 095—2007 Technical
Guidelines for ecological damage assessment on marine oil spill.

Beijing: State Oceanic Administration, 2007

S 30k

(1]

eI S~ GRSl E 1 SO PN N AR e o

http ; //www.ecologica.cn



3770 £ OB ¥ I 34 &
flr. rf E Ol BHE: S:4172, 2008, 10 (1) @ 93-97. J3HT. BRI S, 2010, 35(3) : 177-182.
[ 2] BRI BRAZE, A5, il o iy i v AR 38 R G 55 B 2k [19]  JFEPSMS. L ZARBEE 10 /2435 5 AP K BE ). o (=95 4541,
52 AL IEAL SRR A2 5453, 2009, 34(11) . 1-5. 2012-01- 30 (03) . http://zqb. cyol. com/html/2012- 01,/30/nw.
[ 3] ZEWhG, kM, SR, FRIENGFEREZTHURITA B AL 5T. D110000zgqnb_20120130_1-03.htm
TTERR RS, 2000, 19(3) : 60-63. [20] SK3E VGERTT, BARE. BT S50 0Tk T A R il 3y B AR
[ 4] REfEBL BT DA AN A, AT TS 450 3 I B Al oA VRURE . HERBLEVERE , 2012, 27(6) : 633- 643.
WISt oM. AT, 2000, (1) 22-27. [22] EFWEERR. 3K 19-3 Il H i o4 8 & 4156 T 5 oA
(5] JRmyfs REFEDL BRI, 520 A AR IS 25 B F S5 45 N AR FER A (2012-06-21) [2013-07-20]. http://www.soa.gov.
R IB E KTk, Gl IR, 2001, 22(2) : 11-13. cn/xw/hyyw_90/201211/120121109_884.html
[ 6] WEiRS, MR, 48 SOMK. VU TR PRBE 5 AR S 30 F 1PN 3 (23] JEIELFS. VX i A A V5 90 A PRAN R AR AR PR R AFSE (D]
AR BN AL s W AL, 2005 52-78. H & PEBEBERY, 2006: 59-59.
[ 7] ‘tpgssm, BERE SRZH . WV AR S 3003 PO WO B AR [24] PREEZE, IR, BPAESS (B0, dbat. Bl i,
WHoE. Lot AL, 2011 67-86. 2007 ; 248-249.
[ 8] ZEntify, XUBRME. BT AR BE5F U 430 ) I P VA5 P P00 a4 (257  Sef5sC, AR, B ARuR. 0V Wi T V5 Yo o 25 A B T8 R0 A (1
BB, AR, 2012, 32(22) ; 7146-7155. M SRS RGN TRYE ], 2008, (1) . 80-87.
[16] SKEE AU, L. Z5F HEA J7 ik i Bk 7R X A7 i [26]  BRRI. Vi i el 75 I i 45 F PPA 9T [ D). K . K%
WAL SHMEIEAN . BEIEALE, 2010, 32(3) : 491-498. R R, 2002, 54-54.
[17]  ZEniiy W 0shs. HEA J7 76 30 1) i o v A 25400 & 1R Al o (28] EZRMEHESR. HY/T 095—2007 I #iks ik A E A F A S

[18]

B . P E I 2895 , 2011, 29(3) : 80-86.
FOMEBIL, 3k KA. ZEMr oMk A8 BREE 15 Qe 45t 3G vh i 18 T 5

. dba . FRIEEE R, 2007.

http ; //www.ecologica.cn



	1.pdf
	2.pdf
	stxb201305251173.pdf
	3.pdf
	4.pdf



