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How to link marine ecological damage and management policy responses:

ecological production function construction and compensation policy design
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1 School of Economics, Ocean University of China, Qingdao 266100, China
2 Institute of Marine Development, Ocean University of China, Qingdao 266100, China

Abstract; Identifying the pivotal factors and their interconnections within the structural, procedural, and functional
dynamics of marine ecosystems, which impact human welfare, lays the groundwork for establishing marine environmental
management policies closely linked to ecological change and human well-being. Providing targeted regulation of marine
ecological damage based on these policies will contribute to realizing the sustainability of marine ecosystem services and
achieving the goal of harmonious coexistence between humans and nature. Focusing on the development of a theoretical
framework for the management of the marine environment that links changes in marine ecology, human well-being and
management policy responses, an ecological production functions were constructed to establish a causal link between
ecological inputs and service outputs, which depict the relationship between marine ecological damage and changes in
human welfare. Ecological production functions describe the impact of changes in ecological factors resulting from natural
conditions or human activities on the supply of final ecosystem services. Changes in ecosystem components and structure
affect ecosystem processes, which trigger changes in the provision of ecosystem services. These changes in the supply of final
ecosystem services can lead to changes in their value, thus affecting human well-being. On the top of that, some indicators
are selected to characterize marine ecological damage, including marine biological resource elements represented by

plankton, swimming organisms, benthic organisms, and others, representative elements of marine environmental quality
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represented by pollutant concentrations and hydrodynamic indicators, and elements of marine biodiversity represented by
habitat area and species and functional diversity. Marine ecological damage indicators can define and measure biophysical
features of ecosystems that directly affect human well-being, facilitating social explanations of ecological conditions. Both
monetary compensation and ecological restoration approaches are chosen to promote the establish of an ecosystem-based
marine management system. Marine ecosystem restoration aims to maintain the non-degradation of marine ecosystem services
at the macro level. The monetary compensation standard for marine ecological damage is based on the theoretical foundation
of maximizing socio-economic welfare and follows the logic of value determination, value loss, and value compensation to
calculate compensation for ecological damage, aiming to make up for the loss of personal welfare caused by damage to the
marine environment. Research findings can help to build a causal chain from marine ecological damage indicators to
compensation policies, which can provide standardized and operational technical support for the identification of marine

ecological damage responsibility, selection of monetary compensation, and ecological restoration schemes.

Key Words: marine ecological damage; ecological production function; management policy response; marine ecological

damage compensation
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Fig.1 Elements of characterization of marine ecological damage
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Fig.2 A mechanistic map of marine ecological damage management using ecological production functions

i ABRA S RGN A R A S R G RERI N R ) N BRAE S R G RESNHAE IR L 2 R G 55 e i DI 3

3 EFESREEEBURNIM

M 7 5 P4 o B P S R A A ) St T S sl SR VA B A BB W 10 F) A S 7 AR AT 2
%ﬁﬂ@HH#,éﬁ?Fﬂéu%?Fi%js%ﬁ%uﬁJﬁ'éu&ﬂaﬁtﬁiﬂﬁiﬁ%éﬁﬂlﬁ% o ‘ﬂ%i*h FMEE SR g PRI A
By Rz — MRS 1 B R AT dqaﬂﬁ%bfjﬁfaz%imﬁﬁ —FREESBE, B
SRADE B UM 240 B T PR R R K B LIRS AR E S TR A A R 28 2o
M2, B BRI F A ST 5 LA T AT ORI 3 A 9 P A5 25 R G IR 45 (L, DA £ 2 AN B 55 48 1l K
TRREAIK,

31 EREBRE

HEANE R RS RS RR b F AN G R BT T e AR R RS A RIKE
SR B S RS SE R AT AEAS 5 B Fa e AT RS A LIRS A 25 % sh i B AR AR BB R H
PR PR A S D BE A S K TS RSB — E b 2R AR 0y U396 7 ki A b o el 2 S 08 42 301 E JF
JRAEZSEE TAE, DRI AE S RGBS B SeBlE S E R RIS S DU R 2R 55 10 3 sl B 1 3t 2%
JT TR 4 A A8 A B TSR AR AR H b . AR SRR 1B TR BRI A IR 55 107 124 25 400 3 = 1o A
ATRPE AR S IE B A 3, BRI SR IR E A, ~ o, RV R A S BOR A ) B R
> SR GERSS TIRE TR R MR A SR E R, d, R IR IR S5 AR ) ¢ B SRR M A AR E

http ; //www.ecologica.cn



8068 xR 44 %

SRR L L 3R, SUERIRAS LEIT IR IUH RN S, 85~ ESBEE TR b, NIBE TR
PERY B IR S5 AR ¢ RIS AR AR BE TR AR S B R TR TR A Sl As LA 6 3o 21 A0 3 S 013 Y
A PUE SRR R R TE R TR N A AR B A Sl s R BIPROA S B AR AR, A SR AE N

Iy Ly

2(R,xd,)x(1+r)T—:=SX Z(IXb,)X(1+r)T” (3)

=ty L=ty

L G

el
Wi
(AEFER)

A RGMST K
Level of ecosystem services

Hiske G=L
(A5HH) RS

Wik

3 ESEYSNMTEER
Fig.3 Schematic diagram of ecological equivalence analysis
L BTRAE S MR I G e AR S B T AR SR 0 Sl 25

TR ATt L AVE SR s b ¢ R ARy, 5% 1 K i /R A i S i ] R A
5 MU 0 BB R, 2 25 S5 P VU s 2 25 R 9 R 5 — B ] A 26 A
BTG ok e TE R AR S M BN | TR P e A28 08 A0 B AT A A — BRI A
AU R PE VO TR 55 DRI K OF R SRR AR 28 (3) T 4 S B M o W O 2
AR RURL S (R AR .

iy

N (R, xd,) x(1+r)"

S = . (4)
M (1xb) x(1+r)"

t=1y

g5 b RSB BTE R WZ 0 E AR AR S R SR S5 T RE AR IS, e HE VA S RS H e
SERE IR, LAFE o S A A ME R AL O BER | RIS A2 458 B ¥R A 28 R G RE BB 52 I A Y Ik 55 D o
32 BRiiAbE

A S0 BT MAMEAR L T4 S 2 TE AR A B AL RO IS AR , 96 I E D E (45 2 A (A 2
M85 2 TR AR S EUEAME S R A S AMETR Y e A G B RE . BT TAMERRY B AR R AR AT TR A
KRS 2552 — B fdf FH AM22R) 4 ( compensating surplus , CS) FIZE ) 4% (equivalent surplus, ES) /E A #R
B AERTAS NAR AR A B, o CS i 1R AR AR KT S8 T 2 i S5 T AR B s 2 04
REAE AU K- S50 AG 7K V- TC 22 57 5 ES i (2 TEE AR ACE T AT 2 A8 3 2 /0 A Re - MATE LA
KO- DR AR IR B BR AR BEIEORI IR 55 (R0 TH B it o 2 B T A2 4 0 45 T4 A 8 52 1) B 5 A4 1) 45 2 7 R 114
WSS T PR 400 3 BT 3 J Y A A AR 08 2 e b T M R b . IS BRBGRZR 1Y CS AT ES 193HRA
AAF

CS(q9,q1) =e(P,qq,u’) = e(P,q,,u") (5)

http ; //www.ecologica.cn



18 4

XUPHPE A AR A0 A BRI N« 2R 35 A 7 bR B 1 S A R B

8069

ES(quql)ze(P,uno)_e(P,qO;ul> (6)

K, PO I GEIR AR 55 B9 M A 18l = (P =p, ,p, s
D) 5o TR IR BRI AR 55 B AW LR T P
q, RSP E KA G PRI EE 5T IR AR 55 B4 A
T2t u AU KT (SRR FIKE ) u' il AR
AP E R A TG A NBHAE (SARFIKF) o

Bl 4 5os T CS RN ES JBE i i v A 830 ok 1y
ANIAEFIFE A SSONPIEEIRAS B SUI PR S E
RAGHARAS . CS WIRRRE MR R T 3kt 5 BRIk
ST R R AR AR ML G B /N B, IR AR = T
CS(RVEH B 53 C AT D) A K M 48 T+ 2=
M, A NBOH KT Moy 181 5wy, , A8 F 7K AR 7E
ES 0] R AR Ry T b G A58 9% 5 RN R 55 7 2
R R AT A B R A A, RIS D ES (R R
A S D SRR )  IATKTE M, FREZEM, , 1R
B USRI R 55 1 9% 0T Mg, [RIEIRI LG 7K g,

TR ARSI O T AN AR MR R LU S RS

|

.

K\ Income

o 9 9o
RS REIRAAR 55 i
Quantity of resources and services in the marine environment
B4 BFEESRBTENNBENRANEFITE
Fig.4 Economic measurement of welfare loss from marine

ecological damage

CSAMERIA S  AF N RIAR 3 q0 - MFFEFRBEBTIRANARSS 19 AW U

T DU g, TR 2S00 R AR R T T PR 58 W ORI IR 55 19> AT
Bdi s My IIARCA K s M 152 52 T AMEE TS B A K s M, 52
AT MAMEIS BB ;g  MTIRRUT KT (SR AR T ) u,
UL A E R AR B AT (SR FIKF) s A B LC
D F7R A R A RS K B BN S A

e 25 0 (AL AR , MO (EE R A S R SR 55 fE
PRGBS SR T2 S AN AR A 280 1) 000 B
PO CRIY a6 2 TR BUBE T ) A K g AN (H %
HOE G AR O s B TR A R R A 25 PR ik
A4 R IR 985 12 1l 8 DA B (B A0 25 DAL RS
g PR AR TR A S (L0 A A2 B A 9 P 2R 25
BFAME , A S RGNS M EBE AR SR FE S MAME bR R AU

(14" -1 !
P= (1+r)"r X;Vi (7
2o, P RRFETHAE T ERTAMEESE, r HITIR 0 HAMZAER i (REZ W ANGEA TS RERS V.

PRSP AR R GRS O, B T A Al LU 1o $ BBORT R A A 2 T, 48 i T 3 BT RO e AR |, A8 Bl
FELESPUET Ny, AMES AT TR HEdr Mk i i AR S B, PR UE TR T SRV E R

T IO A 2540 T A D 2R A S P PR S A PR SRR 07 ) O B (P AL, 8 T M A A 2518 SR w7 5
PR 25 IR B EUR 94T o AR STAE T7 1018 5 R T LI S PR 75 Al LAYK S ISR S5 (R, 5 SR AR £
ik

4 ZRTRE

20 {22 90 AFARLAA , AN W Ao R 12 415 T A 5t JSE P R A 25 AR e e i 1 EL R 8 TR 0 RIS i) T
Lt s A A R GEAL TR BERAS 1 7 L2 AR 2 3090 5 3 B Ut ) AR DALl B 478 455 AR 58 e el 3% 50 3 35, 16
TEEYEER BN 52400 ; RO RIS 3 Y5 e MR W Bl AR SR TR A B F AT N S BUEY ZHE1E
REAR TP S O R R ARk IR E S E O — D SR . Tl S F R 25 2T
AP BIIC AR ST A S A BRI, IFARIE T 2 AR A KB B B AR L B9 A8 RO, 2 14004 F)
TB, A T — D T A R A PR A FEEHE SN 2 ISR SR R AN A TP AR P
ALY TIRE M55 BRI 52 40 ) Sl 25 e R M0 T R 23K | U A 25 3 1) A A RS BLIBR SR 114 g B G 222

http ; //www.ecologica.cn



8070 JAE = 44 %

oK, LAE MR AE AR A A5 PRI AE T b {5 JEL A0 S RV JEE 1) 2K A TR, DA ¥ i A AR5 A PR AN R 4P AT sl e PR it 2
% o FARR AT AR B U S

(1) WA AR AR SO ORI 25 AT R AR ) A PR R 37 BUR T2 28R b T LA R AR 3P D 0
FEE R ORI DX, (A28 R G HILBE AN A2 I 1 AN (U R T B — W i ) B K, R T b ) K
FlFIAR A PP ] B A= Y BEANA 2 AR SO ST IR A A B DA 2 A B IR T A A R G A A
B, FE 58 T AR S R G SR RERAR AR X PR LE M AR PR Rp 1, UG T Al
LZE LTS TAE

(2) e 2 TR R S5 VPR T A TG Sl A B 9B 2 e AL ) I s 2 B A A M A P 25 T B R T R 4%
PR 7 S A AR DG AR, DATET A T K e oK A [ S P i e A A R GE i 3 5K 1207 Xl L[] s i A2
S VTR BRR 2016 4F TR [E 55 B 1 (A I DIRE X R | B AR T 7 2 A B T
figk Do P P AR A0 T D, SR, A2 LA 32 0 B T A DR AS [ R X 22 8] ) I, R 5800 7% T — R 51
R AL E bR LR A S RGEER SRR S5 DRI SZARE L™ AR SCHR AT (0 0 A 2540 T T A 48
PR AR TAMETT ik — R R FRRh 1 (X3 BN IRHEZRE35 25 SRR IT A 15 3 MO S B Z 2R ik
TR A S UE R A BN A 40 BRSO e R AR R R . IR e AR 2 R AR A SR A B HE A
it 1 ST SAR A AL S D) RO RN EE bR A B T O A R AR 2N TR AR S I RE , 15 TR TR
AR RTHFEET A o G DI HE AR 1A 200 Bl 9035 2 1) L0, S i 26 A 25 2R 0 0 T 4 A L) et e 1 T
—4,

(3) R A AP E M BE 0w v e, TR B IR 22 T Y A i © R R A A AR O 9 K B B, A 25 4
H IRBETG AT LA BOR B F B SRR, TR AR A0 MR R BE W S A B B S R B T A
PRI , DA TEABOR LA S BRI R BB o8 88 HL 98 35 IO I8R5 A 2540 3 A/ I e 8 BRSE T J ar 2
T FEE BT IRTT R SR 0T KRN , 580 i 4 [ PR b B AR TR0 T 0PAN 5 AN LB iR TR A S
BFEBE GG L, RN B A S B R Wi s YRR, S 28 5 R A O ol B
AT 3l SR E BOR F bR, S 3 [ T A AR IR A PR i R TR R BOR R

S 2% 3Lk ( References) ;

[ 1] United Nations Office of Legal Affairs. The Second World Ocean Assessment. New York: United Nations, 2021.

[ 2] TEEB. ABRGEMAEYEREL T S MATTIRN. 2268 B SIBURPS. dbat P EREE I R4, 2012.

[3] B, mF. ASSCHIER T A SR E G T Mo, RIS, 2022, 33(4) : 3-14.

(4] EBUR M. oo = 55 B B0 & A 28 S0 WA BICHE B4 7 %8 ) (2015-09-21) [ 2023-07- 117, https://www. gov. cn/ guowuyuan/2015-09/

21/ content_2936327 .htm.

[5] A NI AL AR IR E. A A PRI 10 5 4 5 PPAl B AR A o A R 2 15 0 15 9 (2020-09) [ 2023-07- 11]. hitps ://www. mee. gov. cn/
xxgk2018/xxgk/xxgk06,/202009/W020210319364927293714.pdf.

(6] Zhusk, sowhit, S48, Badk, b—T, A&, XY, ek, §18T, B WL SO BT 5T AT vHR A T 5T
HW. [ IRBEIRAAR, 2022, 37(4) ; 829-849.

[ 7] ST, Aokl WEFEarz LR AT ki A SRR TR R A, P HE4R, 2020, 28(5) : 92-104.

[ 8] Arkema K K, Abramson S C, Dewsbury B M. Marine ecosystem-based management: from characterization to implementation. Frontiers in Ecology
and the Environment, 2006, 4(10) . 525-532.

[ 9] Curin R, Prellezo R. Understanding marine ecosystem based management: a literature review. Marine Policy, 2010, 34(5) . 821-830.

[10] Crowder L, Norse E. Essential ecological insights for marine ecosystem-based management and marine spatial planning. Marine Policy, 2008, 32
(5): 772-778.

[11] Alexander K A, Hobday A J, Cvitanovic C, Ogier E, Nash K L, Cottrell R S, Fleming A, Fudge M, Fulton E A, Frusher S, Kelly R, Macleod C
K, Pecl G T, van Putten I, Vince J, Watson R A. Progress in integrating natural and social science in marine ecosystem-based management
research. Marine and Freshwater Research, 2019, 70(1) . 71.

[12] Gelcich S, Defeo O, Iribarne O, Del Carpio G, DuBois R, Horta S, Isacch J P, Godoy N, Coayla Pefialoza P, Castilla J] C. Marine ecosystem-

http ; //www.ecologica.cn



18 1 XUPHPE A AR A0 A BRI N« 2R 35 A 7 bR B 1 S A R B 8071

[13]

[14]

[15]

[16]

[17]
[18]

[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]

[27]

[28]

[29]
[30]
[31]
[32]

[33]

[34]

[35]
[36]

[37]
[38]
[39]

[40]
[41]
[42]
[43]

based management in the Southern Cone of South America: Stakeholder perceptions and lessons for implementation. Marine Policy, 2009, 33(5) .
801-806.

Alexander K, Haward M. The human side of marine ecosystem-based management (EBM) ; ‘Sectoral interplay’ as a challenge to implementing
EBM. Marine Policy, 2019, 101, 33-38.

Ruckelshaus M, Klinger T, Knowlton N, DeMaster D P. Marine ecosystem-based management in practice; scientific and governance challenges.
BioScience, 2008, 58(1) : 53-63.

Cook G S, Fletcher P J, Kelble C R. Towards marine ecosystem based management in South Florida: investigating the connections among ecosystem
pressures, states, and services in a complex coastal system. Ecological Indicators, 2014, 44, 26-39.

Piet G, Delacamara G, Lago M, Rouillard J, Martin R, Duinen R V. Making ecosystem-based management operational. Deliverable 8.1. European
Union’s Horizon 2020 Framework Programme for Research and Innovation grant agreement. 2018

wFRP, WIRERE, VAN, AR BT ASREREAETE, BE i MRS SR, MBkPL2 IR, 2016, 31(5) : 461-470.
skakfh, 22k, B, e de, TR RTAESREIBEE. ZRIIRE A R FESRE. ST R R, 2019, 44
(1) 82-89.

X, L BTSRRI BG5Sk, HEkPlAub g, 2014, 29(2) ; 275-284.

Tk, iRl 2T ABRGREETHEIE 5 S, RFAEAR, 2018, 26(6) : 87-98.

VUL, A S0 M B HAR G T, PRI PMEAE T, 2019, 11(4) ; 34-38.

RO, YA, BRI T TR A AR E A BEAR BRRR B SR . AR BRI, 2019, 40(7) ¢ 113-122.

AR, JRELE. RS BUIAMERRUE R G MR IR IETT K S, 2018, 35(9) : 27-33.

SREIE, R, BER, TRESC AR RGNS R L BEERREERE ) 2007, 26(3) : 259-263.

FER, WA, BRIGE . ASRGMS e TH S AR R, NI 224, 2013, 24(6) : 1747-1753.

Boyd J, Ringold P, Krupnick A, Johnson R J, Weber M A, Hall K M. Ecosystem services indicators: improving the linkage between biophysical
and economic analyses. International Review of Environmental and Resource Economics, 2015, 8(3-4) . 359-443.

National Research Council. Valuing Ecosystem Services; Toward Better Environmental Decision-making. Washington, D. C.: The National
Academies Press, 2005.

Wainger L., Mazzotta M. Realizing the potential of ecosystem services: a framework for relating ecological changes to economic benefits.
Environmental Management, 2011, 48(4) . 710-733.

Fisher B, Kerry Turner R. Ecosystem services: classification for valuation. Biological Conservation, 2008, 141(5): 1167-1169.

YL, Christina P.Wong, ERFHZE 2. WIAZES RS 3225 # 70 br JAE A P2 R B L. AR 2F4H, 2016, 36(8) ; 2422-2430.

FRIESE. OB, Lot WARRAE I iR, 2004,

Boyd J, Krupnick A. Using ecological production theory to define and select environmental commodities for nonmarket valuation. Agricultural and
Resource Economics Review, 2013, 42(1) . 1-32.

Munns W R Jr, Rea A W, Mazzotta M J, Wainger L. A, Saterson K. Toward a standard lexicon for ecosystem services. Integrated Environmental
Assessment and Management, 2015, 11(4) ; 666-673.

Halpern B S, Walbridge S, Selkoe K A, Kappel C V, Micheli F, D’Agrosa C, Bruno J F, Casey K S, Ebert C, Fox H E, Fujita R, Heinemann
D, Lenihan H S, Madin E M P, Perry M T, Selig E R, Spalding M, Steneck R, Watson R. A global map of human impact on marine ecosystems.
Science, 2008, 319(5865) : 948-952.

SRARA, WhARSR, B IESE. VR AL MO AR S RGNS S s AU K . SR A ST R, 2020, 16(2) @ 182-193.
Elliott M. Marine science and management means tackling exogenic unmanaged pressures and endogenic managed pressures: a numbered guide.
Marine Pollution Bulletin, 2011, 62(4) . 651-655.

R, XUH. RSB R S RS SRR R AEARR, 2022, 42(4) : 1241-1251.

AR, ZR00. SR AR ASAME R BE BT MR, W T R AR B, 2015, 32(5) : 97-102.

Aronson J, Clewell A F, Blignaut J N, Milton S J. Ecological restoration: a new frontier for nature conservation and economics. Journal for Nature
Conservation, 2006, 14(3-4). 135-139.

Gastineau P, Taugourdeau E. Compensating for environmental damages. Ecological Economics, 2014, 97, 150-161.

e EBRGRS UIREM AL e Jr SR st P EAR KA AL, 2008.

HTV. RS RGN TR IR B AR, IR S TR R, 2006, 31(4) : 50-52.

Ehler Charlesm, Fanny Douvere. W45 [R] B ——0 78 b6 B S R HL. )0, 200, X, 56 18, JUat. st it 2010.

http ; //www.ecologica.cn



