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Fig.1 '"Ecological-economic—social'' benefits of removable carbon sinks
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Tab.2 Result of calculation
HeF (1) HEF (2) HEFP (3) HEP (4)
HiIX Regions Oepn Arrange in B0 Arrange in O Arrange in 0 Arrange in

order(1) order(2) order(3) order(4)
[k Hebei 0.701 2 0.942 3 0.928 5 0.701 4
LT Liaoning 0.492 4 1.000 1 1.000 1 0.492 6
YL} Jiangsu 1.000 1 1.000 1 0.981 3 null 1
WL Zhejiang 0.671 3 0.931 4 0.810 6 0.671 5
3 Fujian 1.000 1 1.000 1 0.641 7 0.987 2
1117 Shandong 1.000 1 0.965 2 0.955 4 0.873 3
J"7R Guangdong 1.000 1 1.000 1 0.988 2 null 1
VG Guangxi 0.454 5 0.881 5 0.297 9 0.454 7
7§ Hainan 1.000 1 1.000 1 0.575 8 null 1
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Tab.3 Results of various CO, absorption quotas

. el Ly b WL T IIFS SR S e
HiIX Regions . . . .. . . . . .
Hebei  Liaoning  Jiangsu  Zhejiang  Fujian  Shandong Guangdong Guangxi Hainan
2 L 2 AR A RE
ﬁ(j‘x/\fﬁﬁﬂjﬁﬁgﬂéﬂg 3.30% 9.89%  7.25% 578%  29.88%  23.90% 8.88% 10.47%  0.66%
Allocation by size of inputs and outputs
Y =0 oliie
?ﬁﬁ/\.ﬂjﬁ ﬁ.ﬁaﬁj‘.rg 3.02% 8.76%  6.48% 5.63%  3191%  21.64% 7.91% 1391%  0.73%
Allocation by size of input
L A A
7= B ORI 3.70% 11.53%  8.37% 6.00%  26.92%  27.20% 10.29% 5.44%  0.56%

Allocation by size of output

TE2 3, 3 Rk et o> e 75 3 A0 36 ) s 7
TR B T7 AU A A — A, 2
(2151, 1% 28 H A B = 0 55 25 2008 ol ik
TEBCRAE A0 B B R4, SORAT 36 3 4% B B 0
oy Be 7 AR E B . A SERUE AR D SO
SRl M WA TC 8 =2 (1] F) i AT 22, TR e o
KAEBIIAFNFR 3 1025 Bl 3 B 7 20, T 4520
Pie 7 CEAT A B M R A Y X AL A, A B
B3 e T7 2R IR M S B A= 77 1 2l B 28R 3K
Ho T 2 AR PR B 3, X T
el BB A UL R iR L A%

3 Fofostk B A0 73 il 7 A AS ] A T AR S Y
ANTR] AN [ A AL S T4 3] A4 e A 4 SRt A
FHTR] o 2 B AU A ik e 451 7 P AR T 4%
i DX BEATHAE , A O T A PR (45 3
DX ), I H TGI8 4 XY 7 2 220, i
DA B LR A, 3 E A 3 O AL T 431 1 5
Z . HE 2 ALK 5 B IX 1 BT A BAARTE], B

A B ARG KT B, IS A 4% IR AR,
A 5 B A B O IC AR o3 TC LU 491 1 2 AR o R
TESE PR R H ZIE R A M KA LR & T
EHM IO 2R e flay Ao TR B, 77 A
AP i 5 00 0 B 77 0 LA™ (B 22 A4 Sy 2y
BCAEN , 20 T AR FE . B2, A
T BN 73 Bk 2 55 T 7 H MU A 7 e
A REAT 2N AR 0L o A R i P 2 i
T AP TN AU T .
3l AL, A5 RS TR LR R BE Y EE
191 2 7 25 T B ARSI T 3 T 7 S AR 2 T
Z 16 PR DAy e SRS A7 H A B4 e P 0 2 e 7 5
LRAHR T 4510 DMU BB AR BRI R 5, 5
BRI BT IR/ AR 73 BE 25 BEA ™ BOR B DMU,
[ B, B/ N DMU 2R 588/ N BEIRAS , #%
AT RO B W E 0 FE A , S 2 IRAR X
e B H T2 B il T 3

Zi LIk, 3 Ak e A 23 Bie 75 sURA AR RS

http://www.shhydxxb.com



1470 SR C S N S SO 33 %

FUASTR) Ao AH ] 9 28 AR ol el Al V80 % 36
SN M 5 AN R A RS2SR v | S 4 A ™ H LA
(43 i 7 3 AR T A T A A M BT T
Yy BT AR 43 T 20T DL R B
TS 0 G505 A50R A 25 45 R o T sk e 45, R 3
JIT 26 BAE R A AR 3 L A 7 5K % A B TR A
DA R

& 3119 DL 38 20 Gy W A e 45 285 SR 2R
(2022 [ Ml B8 T4 50 B9 AR DGR 3 T 1 4
F WO B RCR e R AR AR 2 A, BF LAZ LA
45 W B 00 0h AF 4y 1 2 2021 4F . Z ), BERE LU
2021 4F R FEH 25 1 DXAR AR 4 FI AR I A8
Gy (R SRR O, B skt T8 B A O & TR ik
T AT IR AL B b, Rl AR Y58 5 T 4, BRI 7K
FRFAML BRI LR o R FCAES S, il
BRI AR R e HE RO 25, B2 2857 (DR 2
HE— 2 5% (14 A4

4 HEEMIEUREIYL

4.145¢

DAFR VRV O /> Ml X 1Y DL e 2 55 3 B R
WEFERES PR T 3T DEA BRI (Y 4 Fh il il
BOR L5 DEA B R RCR 45 R 5 G R g Rl
AR LS B O i I RCRAE I HE Y A
ANTE] . W T4 DL 2R B FRFE 1 AT
T HE S AR 7 b B RO AR, At L At b DX G T
SEBREEA T R P ROR IS AR B, H DLk
(A B 138 T R I 77 48 1) T S E S At 45 il X5 B
L BENE T RS MR B AR S - A AR
i e AL SE I . Z5 5ok E 1L T4 e HoAt DMU
LA 27 > B AR ) P 1Y 55 3 T8 ARSI + 1
AR AE ™ 5 A, IF B2 = AR
AL DL SR A A AT L&k MOl A B
(R B AP AEARRIE 5 1 g 4 DL B2 5™
A B DUSESE IR AE ™ A i B D) RE X ThF
RN ELY i S R IRACROAY 8 s = S E = '
AT R 0 52 IR BE D K
4.2 HBRBER

E 2 A n] ) Ve b DX DL 2 SR A 1 ik
ZL RN, R DA Al I s i HE i — 1> R AH B
AL AT, 38 a0 R R AT B 5T, FRATT R
XoF T T b IX. DL 988 24 53 5 M i I 8 7] s R s 4
HATBCA, X FL AR AR 4l CSW-DEA 77 4% A

http://www.shhydxxb.com

7R S |, fd A1 3 AR RE LA 2021 4F 9 5L
TR C bR 14 B T SRR T, DAy i Ll
52 5 T G R AR S A — 5 A SR B

BT AR SO DL S A 8RR Y 53 B ik T
W E AR 4G SR B IR, £ A R s S — A B
SE Rz DA RS oF R Y NP /B B SR (TS 1513
Ao FEF5 S BT, AR Ll A
ABEFR I B AR 5 P8 i B S i Al
NA P R B & T B ULl A A s 15
Mo BEATT I, AT A% 4t DU IR s o, o
ST e AR AR R A X HfE R R A A S B A
B, R A A T B AL B R AR SR B A 7 i
AT DR T 4R e S A T AR B 8 T 280 e ik
DU BRI AT . B T, ST IX P AR B
ZE5t, ZIARALE AR T DL IR FEM A BRI 80K
e Pl T v 25 b X A TR SRR BT S K 22 5, 0
T 25 M DX LRI 38, 15 7 5 b XA (] i A 0 Y1
RE IR/, IS IR AR 2 455 T 7 oK E 4
o DL SRAE L, S i A5 A AL,
TR BRAL A g 2 — P B 4 A2 B A
Ao B =, T ARMIIT A i B0 4R Be A i &
RURR Ay S M B §1 T 0 , e il B 52 oy At
Ao PMERVFZ BRI EC) T 83 Bk
T S PR BRI 52 5 T 5, AR S ST 3 Bk i ™
Uit B SRR LA o DRI, B H R 2 AR I AL A7)
F AU g Rl 1) A G ] AR 3l B 352
A3, W R IR PR RRAL Ml AR S 2D I A i
LR A B2 22 HERBRIL A2 55 F B BT A 4
RS AR ZR . 3o, B w5 5y 5 il
PUR A , BB A sl BT i B 31 il ™
i A TR (FRE SN A TS NEAW LI o @8

SEH:

(1] . A S N2 ERPRE (42 30)
R Hy AT AR A g e ) R ——7 e i
2" LIRGL ] FEEREE S, 2021, 46(5): 1-2.
XI J P. Speech at the Leaders’ Climate Summit (full text)
Jointly building a community of life between human beings
and nature -- Speech at the Leaders’ Climate Summit[J].
Environmental Science and Management, 2021, 46(5): 1-2.

(2] H5R, QISR . BRI X A SR AR 28 55 AT d SRS
B SC B AL K A B — S vl R S i K 8l S ——
LU ERFA R U2 ) F2 0 L ob E TR B B - RS T
[J]. K™, 2010(8): 4-8.
XIAO L, LIU Y S. Carbon sink fishery is of great



6

FREEHA , 45 HE T CSW-DEA B D32 IRl Bk 1280485 B W AT 451 23 H

1471

[3]

[4]

[5]

(6]

[7]

[8]

(9]

importance and practical significance to the development of
low carbon economy. Carbon sink fishery will become the
driving force of the new round of fishery development -
Interview with Tang Qisheng, Vice Chairman of China
Association for Science and Technology and Academician
of Chinese Academy of Engineering [J]. China Fisheries,
2010(8): 4-8.

SKRARZL, JrEoln, FEIR L. o R DL SR G U
TEFRITTARLS . HbERBL2ATE R, 2005, 20(3) : 359-365.
ZHANG ] H, FANG J G, TANG Q S. The contribution of
shellfish and seaweed mariculture in China to the carbon
cycle of coastal ecosystem|[]]. Advances in Earth Science,
2005, 20(3): 359-365.

BOLTON C T, STOLL H M. Late Miocene threshold
response of marine algae to carbon dioxide limitation [J].
Nature, 2013, 500(7464): 558-562.

i@l E PR TREE K IR BRI AR N E K K
W (R 2R AR BT IEL) ). IR IR BER: , 2015, 34(6) : 871-
878.

JIJY, WANG P P. Research on China’ s mariculture
carbon sink capacity and influencing factors [J]. Marine
Environmental Science, 2015, 34(6): 871-878.

VRA 2L ORI, SR . I K IR TR i IR 1Y
25 [ 5 A AL ()] TR OT R S, 2023, 40
(2): 56-66.

XU D L, SONG X M, GUO Y Q. Spatial evolution and
spillover effect of net carbon sink efficiency of mariculture
in China[J]. Ocean Development and Management,, 2023,
40(2): 56-66.

N, RIETE, TR, S R ER K IR A T
(B 28 G R S R 3R 2 A7 ()], M ERRT5Y, 2020, 39
(11): 2508-2520.

SUN K, CUI X X, SU Z X, et al

evolution and influencing factors of the economic value for

Spatio-temporal

mariculture carbon sinks in China [J].
Research, 2020, 39(11): 2508-2520.
e, X0k, 2R R T2 B K TR AR RE )
VA B LS Mo —— T3 [ 9 VI A (73 T A S
[J]. 4241, 2019, 39(7): 2614-2625.

SHAO G L, LIU B, LI C. Evaluation of carbon dioxide

Geographical

capacity and the effects of decomposition and spatio-
temporal differentiation of seawater in China’ s main sea
area based on panel data from 9 coastal provinces in China
[J]. Acta Ecologica Sinica, 2019, 39(7): 2614-2625.
SRARAR , KR, AKLEL. o [ PRI I % (iR
JBE e FG s ) i 1 2800 [T ], R e 22 8, 2020(10)
91-110.

ZHANG X X, ZHENG S, YU L H. Green efficiency
measurement and spatial spillover effect of China’s marine
carbon sequestration fishery [J]. Chinese Rural Economy,
2020(10): 91-110.
STAVINS R N.

Experience  with  market-based

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

environmental policy instruments [J].  Handbook of
Environmental Economics, 2003, 1: 355-435.

AN Q X, WEN Y, XIONG B B, et al. Allocation of carbon
dioxide emission permits with the minimum cost for
Chinese provinces in big data environment [J]. Journal of
Cleaner Production, 2017, 142: 886-893.

LI ¥, EMROUZNEJAD A, YANG G L, et al. Carbon
emission  abatement quota allocation in  Chinese
manufacturing industries: an integrated cooperative game
data envelopment analysis approach [J]. Journal of the
Operational Research Society, 2020, 71(8): 1259-1288.
A, REW, R FETHEAT BB 4 bRk
WORCAM BT ()], TR ERE, 2023: 31(3): 268-
276.

FENG Q, WU Z B, XU J P. Research on inter-provincial
carbon emission allowance allocation based on input-output
scale[J]. Chinese Journal of Management Science, 2023:
31(3): 268-276.

Pedin 2 . I RS DA SBR[ ]. 25F
W, 2006(6) : 92-100.

PANG R Z. Dynamic evaluation of main sea ports in China’
s mainland based on DEA model [J].
Journal, 2006(6) : 92-100.

COOK W D, RAMON N, RUIZ J L, et al. DEA-based

Economic Research

benchmarking for performance evaluation in pay-for-
performance incentive plans[]]. Omega, 2019, 84: 45-54.
e, BERER, R, 55 JET AU DEA BRI PR
BICHIFAITEL)]. RECTREAR, 2011, 26(4): 551-557.
YANG F, YANG C C, LIANG L, et al. Ranking decision
making units using common-weight DEA model [J].
Journal of Systems Engineering, 2011, 26(4): 551-557.
RUIZ J L, SIRVENT L
ranking of units with DEA[J]. Omega, 2016, 65: 1-9.
LIU F H F, PENG H H. Ranking of units on the DEA

Common benchmarking and

frontier with common weights[J]. Computers & Operations
Research, 2008, 35(5): 1624-1637.

DAVOODI A, REZAI H Z. Common set of weights in data
envelopment analysis: a linear programming problem [] .
Central European Journal of Operations Research, 2012,
20(2): 355-365.

OB, SR, FEHE, . JEF SBM FI Malmquist 42 7%
HEAR B T R R 2 TR BRI TS [ ], BRIRAN
2016, 38(3): 461-475.

ZHAO L, ZHANG Y S, JIAO X Y, et al. An evaluation of
Chinese marine economy efficiency based on SBM and
malmquist productivity indexes [J]. Resources Science,
2016, 38(3): 461-475.

M, B0 A E AP E SO AT S BT
JET =W Bt DEA BIASFE RCR DEA AL 53 A7
] Bod2 st SoR 5P, 2011, 28(12): 69-81.
JIANG P, WANG Y. Research on China’ s cultural

industries’ input-output efficiency under the whole scope

http://www.shhydxxb.com



1472 SR C S N S SO 33 %

angle [J]. The Journal of Quantitative & Technical Ocean University, 2024: 1-20. (2024-07-18). htps://

Economics, 2011, 28(12): 69-81. www. shhydxxb. com/shhy/article/abstract/202404044837 st
[22]  Walmle, Mo, o BT DL BRHEOICR 5 2255 =recent_adopted.

JECRE S RO R A b S BT S [J/OL]. IR R (23]  EWEd, A, HEE, % —FroBiecs 5 8O R P

1, 2024: 1-20. (2024-07-18). https://www. shhydxxb. com/ TR AT SR ik 1], P EE R, 2023,

shhy/article/abstract/202404044837 st=recent_adopted. 31(10): 128-135.

GAOYANG S H, CHEN X. A study on the coupling and WANG X L, MU R, ZHOU L, et al. An evaluation

coordination  relationship ~ between carbon  emission method of input-output performance of decision making

efficiency of China’ s marine fishing fisheries and high units considering efficiency and effect[J]. Chinese Journal

quality economic development[J/OL]. Journal of Shanghai of Management Science, 2023, 31(10): 128-135.

Analysis of carbon sink efficiency and carbon absorption quota in shellfish
and algae aquaculture based on CSW-DEA

ZHENG Jianming', LIU Kang', WANG Xueming', REN Le’
(1. College of Economics & Management, Shanghai Ocean University, Shanghai 201306, China; 2. Center of Agro-products

safety and quality of Ningxia, Yinchuan 750002, Ningxia,China)

Abstract: In order to investigate the carbon sink mechanism of marine aquaculture, the carbon sink of
shellfish and algae aquaculture was taken as the research object, and four efficiency analysis models were
applied to evaluate the carbon sink efficiency of shellfish and algae aquaculture in the coastal areas of China.
The results of the study show that among the coastal areas, the shellfish and algae farming process in Liaoning
Province not only pays attention to the efficiency value of practical production, but also pays more attention to
the realistic degree of the effect of the actual input and output process than other regions, which can bring the
"ecological-economic-social" benefits of removable carbon sinks into full play, and has a certain
demonstration effect for other regions; In Guangxi, there is a serious imbalance between the scale of labor
input and the scale of land input, which corresponds to the input and output of shellfish aquaculture with
"high efficiency and low effectiveness", and the management of its professional practitioners is inefficient; in
Hainan Province, the output rate of shellfish carbon sinks is very limited, and the function of carbon sinks
generated by shellfish aquaculture makes very little economic, social and ecological contribution to Hainan
Province. The economic, social and ecological contribution of shellfish aquaculture to Hainan Province is
negligible. In addition, based on the public weighting method of input-output scale, the allocation scheme of
the initial CO, absorption credit in shellfish aquaculture in China is proposed. The marginal contributions of
this paper lie in the following. Firstly, applying the performance-based integrated efficiency model to the
measurement of shellfish aquaculture carbon sinks for the first time makes the value of carbon sinks can take
account into both efficiency and effectiveness. Secondly, it proposes the carbon absorption quota of shellfish
aquaculture carbon sinks from the perspective of input-output scale based on the public weighting approach.
Thirdly, it incorporates the efficiency factor into the carbon absorption quota by means of the public weighting
approach, and allocates carbon absorption quota with the combination of input-output scale and efficiency. it
supplements the new allocation method based on DEA. The research has certain policy significance for the
development of fishery carbon sinks in China’s coastal areas and the improvement of the carbon trading
market mechanism.

Key words: shellfish and algae aquaculture carbon sinks; data envelopment analysis; performance-based

integrated efficiency; carbon sequestration quotas
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