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fHl(Clean Development Mechanism, CDM)., B&JETT
MLl (Join Implementation, JI)F1 [ J& ik 115 & 28 5 Hl
il , 44N FH JE IR AR HE(Verified Carbon Standard,
VCS; Plan Vivo Standard, PVS)H K2 (Ullman et al,
2013; von Avenarius et al, 2018). FEnY H IS HERS
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Schematic diagram of carbon sink project process
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Tab.1 Forestry carbon sink project methodology of China
Certified Emission Reduction
WIRENE X TEF S RATHEH]
Name Number Published time

BRAE AT H T35 AR-CM-001-VO1  2013-10-25
M F3E M IC I H 5 AR-CM-002-V01 2013-10-25
FARZ EmIC W H )7 AR-CM-003-VO0l 2014-01-15
MR EmI- H ) AR-CM-005-V01 2016-01-25
N AE R X AR A CM-099-VO1 2015-01-20
&5 35 H J7 5
KA AR B L 2021-04-08
H J5 5




%53

SRARLL A e i BRI H 5 R R T 153
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Xof Yk 28 1 1 A6 AR Ak G BTk A5 1A 7] (Herr et al,
2016). PRtk BRRAE S B ik iE AT . (8 2Bk
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P SIPAG AR ) G st T ) A (g s R AR 2
ARGttt i WA S IEAG R AR ) G AT e 2 0
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Tab.2 Main content of carbon sink project methodology

H—ar 54y 5 =EB 4
First part Second part Third part
WA, FEL MBIl MR,
Rk B
B (DIt H i1 A (1) FER BRI 1 Wil
Q) EHE @)W B iEsh Y
QuEHEM Gk IEME = )W H LA W
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G)FErEsl @i H M A @5 HSE
FHC A3k
DAREE S (5)ILTEFIN SR
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(6)BRIZ R 5> O E
(DI (7)) MmiR
)T HBRICE  (8)4- B R il 1Y Wil
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JE B RE FAE R T AR, ATSEAR . A
& AT LR A P R T R BRI, AR ik
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T P RTHE o BT 7 v R I H 7 k22 i
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HAH—2, @4y Jr a8 & rl e &, mmil
WA H 2% AR-CM-001-VO1, 7EJEHL FIF R
/NFRABE R AACRD B3 AR H 1 3l AR-AMS0003). A,
Tt H A e 5 4B T H I B3 BN A sk
it AL 2 A, D200 H i 5 7 A i IR = SR HE L
FA 38 i, (il MRt H 75 k%% AR-CM-001-
Vo1 ) s H il & AT
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K, ACucrurare A t AERI BRI i ACy, M
t AFITIE H 5 BT R PR B Bk it i R L s GHGe;
A AR BT E T 2h S0 B S B0 I 3 i AR
i CO, i 2= S MAHE A3 i, 291 H T Bk iR 0.

55 AR I H 3 PN i e A it AR Ak Y
THE BT

AC,=ACrreg proyitACsurus prosFACpw pro1T
ACy prosrFASOCAL +AChHwe prOJL )

o, ACrree prost HET AR, T H A NARAR A Y
Frtmfiti it (928 {5 ACsurus prort A EH AR, WTH
BN HEA AR W) B it B 28 Ak B 5 ACpw prosy N
t AR, 1 H 3 5 A FE AR B A 1 1Y 28 f B 5 ACL proy
RSt ARRE, I0H 35 A I b it e 0 S Ak
ASOC, ¢ RS AR, T H 5 A DU AR fif
M2 fE ;5 AChwe prout HEE AERT, T H 5N IR
AT i i B AR AR R i

TEIZIH R AR, JEHEE ORI AT Sl B fith
MR, AChwe proree  CBRILIE AR H J7 55 )
HRLE , IR IS BN A RO A A, I H oK
PR PR AR A, S TR H AR O AR
J& 30 AEATHAEAS A A By SRR 9 R 7 i R R Bl
117 A 3 43 O 7 A 7 A it B S B HE iR . KA+
TEMRBRIC I H J5 2% ) Hos IR 7P i B Rl A AR
fergitar, BoE ORI A =BT P 0, 30 4RSS
TE i A A S I SR A A 7 Sl i e it e T DA A

MR Y IR R 5 B P ) R A W
FEUAT A | R B A IRR o DN B BR B S5
WA | MOR 5l AR 25 REOK, R, AR
MOl AT B Y Wy vk

2 EEFEalVERCIEEHRMBEXIRERE
2.1 #EFEHlRLCEECHHRIERE

TR ER R R IE, T EASUZEE KX
B, R LR R A 3R EE KSR
VIAERE BB DL | P00 R 3 R THBE 0 e
T O B IC P B S (R 4R 2145, 2005; Tang et al,
2011) Al BT 2 48 38 ax b A 7= 1 S AR kK A AR
YISO AR ) CO,, F i IR 3 S i 5 7K A4
F R FERFBLE], WA AT AR . TR
TE R I A T S T BR IR AR i, anERsi R
FE, IR MR DUSSHE RIS | VR . B TE O DA A
Pl 55

TR TR 3 A YA B A5 T P EE A 15 )

E PR Bk #5822 19 5 73 (Krause-Jensen et al, 2016; Li
etal, 2018; KM%, 2017), FEHMRF KR 3 BRI
YE R B9 58 2251 X0 A K AR 5 A 38 2 1 A9l S Ak
(B A4 K Y 3 2K ) (Krause et al, 2016; Smale et al,
2018). H TS 7050 15 KB S i I AE H
AR KA e A A AR T 2 7 AR R R L Bk 5
WAL, B RA DR A AR S A
FLZ AR, (R 43 B 1 VA O 45 TR L RS 31
T A5 By % B R T B LR v, DT R
THE M (Hill et al, 2015; Chung et al, 2017; Duarte,
2017). WA EBUM ) SR AE 02 51 23 (IPCC) T 2019
9 25 HEMP CRAEAR B 5 0Kk BBl Ry
RS ) FEH, B TEEMEERGE A YR
(Al 8 M A7 T ABEIA A R, R R A 3837 |
ZIRIAR W R AIER TR S A DU R R A S R 5

T E I LA TR £ T RBIEE
WAL TIRE, B £ B T R AR S B B il
(FKAELT %5, 2005; Tang et al, 2011), FEEHFFEHIHEA ,
HE— 2 F AT (Laminaria japonica) 37 4 X 1 7K —X,
B A KR CO, ML IX (X4, 2017; Han
etal, 2021; Li et al, 2021), BRI HELL W A1 45
FREEIE Bl b A A A RO A W PR U AL L AT
W JRAEEWAE) IR (7 RDOC), kL
B JE LA R T AR B I 45 ) B 235843 (Chen et al, 2020;
K7k FR 4, 2017; Xia et al, 2014; Zhang et al, 2012).

UM UL TR A 75 R G IR RN B R 2
B, NIEE M RA I LRI C=F+R+G K,
C M Em, F NEYUIRK, R VIERACHTR, G
SRR, DS i TR AR SE DU -7 &R
GRS, TEIR I B AUA LK (Frankignoulle et al,
1994, IEEPEVURAE MR G AR, KRS RS
PRI N A 5 SRR 6 B 22 3R aa Oy s B 16
#(Bonaglia et al, 2017), H¥k, JEEME AL
WA K AT WLt i) e AR AR, 05 B fb i
Xt TCHLBR A4 2 B9 F B AN 52 0 (Liu et al, 2022). 7 4h,
YT USRS, AUEE AL TR Y CO,
X—IREASM, miH, AU, HAEE DS R 5%
£ TR S5 A G Sh S PLRLUTRR . D3 in
UUFR W ¢ IR = ASMR 9 T BB 4 (Stief et al, 2010;
Heisterkamp et al, 2010; Bonaglia et al, 2017),

Pershing %5 (2010)AF58 & B, RAVHFVEA W) an ik
fii (Balaenoptera musculus) & fifi 5 4 38 1 2% i Fl
CaCO; M T VR I A i Dhfe . E W H AT EZR
FH B & 5t 75 PEAS il AR v 3R 0 1 w0 T e (R i A
2013). fFFTIAR, AT A HE A B IR0 3 B4 35
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AN, — N TAaEER A n AR EE
W) i 2% B R OKAA VR AR P 1 o 2SR A )
A IE N (B A, 2018), B 1R
FE) A Bk (R A R4S, 2011); 2 flE s i
16 S5 G 5 1, PR PR DR A I 2 i v OBV IX e A
W REE | AW RN R R . EAT, dEsR
FH R B 2 5 PPl £ i DX AR 40 1 sk Y 2 B (5 XK 4%,
2017; Fang et al, 2013),

22 wBEFEVRCHXINESFEEHRARK

Mol AR i i T e H AR RS2 22 19 5%
TEo SR, B FRT, 1 JCA STl A I A
T A [ o s o A0 ] 2 v o e e B T
B 229 7 o A 2 1 R, TG i AT R e VT AG TR

] Vg e A Y R T RN AT A8 gy i, VR el i Y 5 3R
R b e VA i) S

rh ] K 7R B 22 0T B T K 7 A 5 BT R R
DUEEST T AT bR o IR 5 R BB DN DL 2Rk
LT mhg A bk ) (HY/T 0305-2021, K47
HHA 2021-02-09), FZmf & iy &, T
B Rk R L BRI, 2019 AEHRE
U1 P FEF S AR RS R OB AT 200 J7 to it %o 05 1 77 it
AU | 57 FE 1 R I R A AT AR T M R 5 v A e Y ik
FERALEEFN W I B AR B $E T, 7258 DL 3 i3 57
Do HEEE, TR . Mgl . AT
MERIRRIC TR, BT AR A AR B AR

HAT, T8 25 1A 0 5T R U vl A I AH ¢
FrRfE B g il TAE(E 3).

R 3 2017 F LK B AR RARILBH B X 8 W GC AT AR

Tab.3 Industry standards for marine fishery carbon sinks established by the ministry of natural resources since 2017
7T ] P4 B S L
Project time Standard title First responsible unit
2017 WA S R TR AR A SPGB AR RO Hh [ 2 B R R I 5 T
WEBRA S R Geh B U A SRR ALRE st Hh [ 2 B I 5T T
M W BRI SR I R B SR (R A A B2 WS Bt TR A B ST T
2018 TR BT IR W m P SRR S S W SRS SR AR RO Hh Rk Bt I B
ST A I T R RO RS Hh Bk Bt I i
RS RGBT RN Ak Hh [ 2 B R R I 5 T
WA 25 R GRS A5 W S IAS BOR AR AWk Hh [ 27 B I 5T T
G AE R ST A SIS BRI R TRE) v B B e B 3 T /™ B 52 o
ARG UR A W P TTRR A S ITABOR LR DL (EATRA) A B2 WS Bt TR A IS T
TRPE TR A PR e SRR A ST A ORI 565 VLR MK P B
R BT IR AL PR P SRR A S A BRI DU OIRIE 1 5) Hh A B2 S Bt B A WIS T

2021 FRFAIE i BRSO

Hh K R B B BT A 5

3 FHEMEESEY

2019 4, HRA EBUN B SRR Z 51 25 (IPCC)
INGE &y T45 BRI 1 3R G0 T A7 A2 0 BIK 3 sk il o S A7
AT DA SR ik, IR KA S S LR 1
FRAERTA S R DU R AR S R G ik BT 7 R
TP F 2R ARBOGR I B R B . X TR DL | 3
2 K Al 55 T A4 A Ml B Y D REAR SR A7 A — 8 19 il
(Mariani et al, 2020), VAR I 418 e ik 18 B A7 s
B HAT, BEPR X T a7 e [E w I e . AR
WAL B k2K E, ORI AIRTE 30 422
WA 31 7 BRI LD 2%, BAE BRI A . 5 H
SR HE B R GCAR LL , a0l 3% B8R 5 RSO R 45 1)
WV A, I INFRGE SO Y DL R A 5 i e AR 4

SR dh VR B, LE MR HUBRAR DR e
CO, HR R, JOIEA I ] JORE B il s 2R
PR TRt faDkE ARAE | W IE REURAE, [ B I ]
FEBR A, HISCER TR E A BRBEEIAF 2 A, B0 L g
AR o UE DI | 2 N M TRl A
Yy, TR RS RGP P RO R AR = R i
i, AEORBUBER | TRk, RSB, el
—J7 HAFAETE WNES AL . PR CO, YA s 93 —T7
T, AT A e kM) T T A A0 o o 3 A 4 ARl
TEIA B, X B AE S R G R A R,
WU SR AR S A o T L 3l n] BEXS i
TR DA 7 7 HE ST g, AR S W) 7 i A )
XFRAH CO, BRI o PRI, X6 T Ml e 31 Y
BL | BRI RE RIS ST TT 7%, i ZRABITST
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AR-AMO014, 0] S #E 7 fAifH | 2 A i il e i 0
H oy ief, BEE Tl B IC LR RS AT, B HE
B 56 2 D R HE ST e, Aol i 58 2 R
JrikFE T

(4% DU 2 R A 5 A B4 45 BRI D, 2 o T B
A, TR AEYIBREIR , 1R A AERERE Bk
PIBGE s . DAl B A TR = SR HERL

2 £ X #

BONAGLIA S, BRUCHERT V, CALAC N, et al. Methane
fluxes from coastal sediments are enhanced by macrofauna.
Scientific Reports, 2017, 7(1): 1-10

CHEN G C, WANG J, XU F H, et al. Progress of coastal wetland
blue carbon projects in carbon market and advice on

facilitating the development of blue carbon projects in China.

Journal of Applied Oceanography, 2022, 42(2): 177-184 [[%:
JeR, EEF, VFE, SF. BRI TR IR K

I 3h 3 B W A I I 5 T & L. N R 2R A AR,
2022, 42(2): 177-184]

CHEN J, LI H M, ZHANG Z H, et al. DOC dynamics and
bacterial

community  succession

degradation of Ulva prolifera and their implications for the

during  long-term
legacy effect of green tides on refractory DOC pool in
seawater. Water Research, 2020, 185: 116268

CHUNG T K, SONDAK CF A, BEARDALL J. The future of
seaweed aquaculture in a rapidly changing world. European
Journal of Phycology, 2017, 52(4): 495-505

DUARTE C M, WU J P, XIAO X, et al. Can seaweed farming
play a role in climate change mitigation and adaptation?
Frontiers in Marine Science, 2017, 4: 100

FANG L C, CHEN G B, CHEN P M, et al. Preliminary
evaluation on resources enhancement of artificial reef in the
east corner of Zhelang Shanwei.
Research, 2013, 5(9): 111-115

FRANKIGNOULLE M, CANON C, GATTTSO J P. Marine

calcification as a source of carbon dioxide:

Asian Agricultural

Positive
feedback of increasing atmospheric CO,. Limnology and
Oceanography, 1994, 39: 458—462

HAN T T, SHI R J, QI Z H, et al. Impacts of large-scale
aquaculture activities on the seawater carbonate system and
air-sea CO, flux in a subtropical mariculture bay, southern
China. Aquaculture Environment Interactions, 2021, 13:
199-210

HEISTERKAMP I M, SCHRAMM A, BEER D DE, STIEF P.
Nitrous oxide production associated with coastal marine
invertebrates. Marine Ecology Progress Series, 2010, 415:

1-9
HERR D, LANDIS E. Coastal blue carbon ecosystems.
Opportunities for nationally determined contributions.

Policy brief. Gland: International Union for Conservation of
Nature, 2016

HILL R, BELLGROVE A, MACREADIE P I, et al. Can
macroalgae contribute to blue carbon? An Australian
perspective. Limnology and Oceanography, 2015, 60(5):
1689-1706

KRAUSE J D, DUARTE C M. Substantial role of macroalgae in
marine carbon sequestration. Nature Geoscience, 2016, 9:
737-742

LICH, JIAXP, QI ZH, et al. Effect evaluation of a low-carbon
fisheries production by marine ranching in Daya Bay.
Journal of Agro-Environment Science, 2011, 30(11):
2346-2352 [ZFAUJR, SR, Frhiey, S ORISR
AR m el 2 72 OR VR RO R R 2= 23], 2011,
30(11): 2346-2352]

LI H, ZHANG Y, LIANG Y, et al. Impacts of maricultural
activities on characteristics of dissolved organic carbon and
nutrients in a typical raft-culture area of the Yellow Sea,
North China. Marine Pollution Bulletin, 2018, 137: 456464

L1JQ, ZHANG W W, DING J K, et al. Effect of large-scale kelp



SRARLL A e i BRI H 5 R R T 157

and bivalve farming on seawater carbonate system
variations in the semi-enclosed Sanggou Bay. Science of the
Total Environment, 2021, 753: 142065

LIU Y, ZHANG J H, FANG J H, et al. Analysis of the air-sea
surface carbon dioxide flux and its interaction with
aquaculture activities in Sanggou Bay. Progress in Fishery
Sciences, 2017, 38(6): 1-8 [XI%%, KUKLL, poih, %5 &
SRR CO, ALl B S 5 FRFR G 31 56
ZRAYHT. Ml RlEIE R, 2017, 38(6): 1-8]

MA H, QIN C X, CHEN P M, et al. Study of biomass carbon
storage in Zhelin Bay marine ranch of South China Sea.
South China Fisheries Science, 2017, 13(6): 5664 [Hh3X,
FAERT, R, S5, m ARSI O R R i e F
58, FTKFEREF, 2017, 13(6): 56-64]

MARIANI G, CHEUNG W, LYET A, et al. Let more big fish
sink: Fisheries prevent blue carbon sequestration-half in
unprofitable areas. Science Advances, 2020, 6(44): 4848

PERSHING A J, CHRISTENSEN L B, RECORD N R, et al. The
impact of whaling on the ocean carbon cycle: Why bigger
was better. PloS ONE, 2010, 5(8): 1-9

SMALE D A, MOORE P J, QUEIROS A M, et al. Appreciating
interconnectivity between habitats is key to blue carbon
management. Frontiers in Ecology and the Environment,
2018, 16: 71-73

STIEF P, SCHRAMM A. Regulation of nitrous oxide emission
associated with benthic invertebrates. Freshwater Biology,
2010, 55: 1647-1657

TANG C F, TU Y J, DAI L M, et al. The present situation and
suggestions for CCER forestry carbon sink project
development. Journal of Sichuan Forestry Science and
Technology, 2017, 38(4): 115-146 [A &, B =%, 1S
H, 4. CCER MOl BRI H T A& SR B sl pa )1l
B, 2017, 38(4): 115-146]

TANG Q S, ZHANG J H, FANG J G. Shellfish and seaweed
mariculture increase atmospheric CO, absorption by coastal
ecosystems. Marine Ecology Progress, 2011, 424: 97—-105

ULLMAN R, VASCO B, GRIMSDITCH G. Including blue

carbon in climate market mechanisms. Ocean and Coastal
Management, 2013, 83: 15-18

VERRA. Methodologies. https://verra.org/methodologies/. 2021,
24

VON AVENARIUS A, DEVARAJA T S, KIESEL R. An
empirical comparison of carbon credit projects under the
clean development mechanism and verified carbon standard.
Climate, 2018, 6: 49

XIA B, CUI Y, CHEN B J, et al. Carbon and nitrogen isotopes
analysis and sources of organic matter in surface sediments
from the Sanggou Bay and its adjacent areas, China. Acta
Oceanologica Sinica, 2014, 33(12): 48-57

ZHANG B, SUN S, TANG Q S. Carbon sink by marine fishing
industry. Progress in Fishery Sciences, 2013, 34(1): 70-74
(5K, PN, FERRTE. MBI IRE. ol
HERE, 2013, 34(1): 70-74]

ZHANG J H, FANG J G, TANG Q S. The contribution of
shellfish and seaweed mariculture in China to the carbon
cycle of coastal ecosystem. Advance in Earth Sciences, 2005,
20(3): 359-365 [3k4ker, HDE, IR, HE R E
TR XEEPERRAG R A TTHR. HbERBLEHERE, 2005, 20(3):
359-365]

ZHANG J H, FANG J G, WANG W, €t al. Growth and loss of
mariculture kelp Sacchariana japonica in Sungo Bay, China.
Journal of Applied Phycology, 2012, 24(5): 12091216

ZHANG X, XU X P, DAI Y Y, et al. Phytoplankton community
characteristics and variation at artificial reefs of Tianjin
offshore. Progress in Fishery Sciences, 2018, 39(6): 1-10
(K, RIGEHT, MEwE, 55 REUDE A T AT
T BV K AR AR ARAE . b Bl 24 0E R, 2018, 39(6):
1-10]

ZHANG Y Y, ZHANG J H, LIANG Y T, et al. Carbon
sequestration processes and mechanisms in coastal
mariculture environments in China. Science China Earth
Sciences, 2017, 47(12): 20972107 [3KKFH, FK4RLL, &
i, A P EUTHEE SR IAEERALE B AR S L. o ER
2 HIERBE, 2017, 47(12): 2097-2107]

(% TR HE)



158 woooor B % 3 R 943 %

Overview of the Marine Fishery Carbon Sink Project M ethodology
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Abstract This methodology regulates the carbon sink project preparation of design documents and
measurement monitoring and ensures that the emission reductions generated by the project meet the
requirements of measurable, reportable, and verifiable outcomes, which are necessary conditions for
carbon trading. In this paper, we presented an overview of the current status of carbon sink project
methodology, the key content of forest carbon sink methodology, and the research progress of marine
fishery carbon sink theories and standards. According to the problems faced by marine fishery carbon sink
in China, specific suggestions are proposed to provide scientific reference for the establishment of marine
fishery carbon sink methodology and implement it into the carbon sink trading market early.

Currently, the Clean Development Mechanism (CDM) and the Verified Carbon Standard (VCS) have
developed 26 forestry carbon sink methodologies. There are 6 forestry carbon-sink project methodologies
being developed by China Certified Emission Reduction (CCER) in China. In 2021, 9 blue carbon-related
methodologies such as mangroves, wetlands, and seagrass were launched successively. In this paper, we
have briefly introduced the main content of the forestry carbon sink project methodology in order to inspire
the development of marine fishery methodology. The carbon sink project methodology usually consists of
3 parts. The first part includes an introduction, applicable conditions, normative references, and definitions.
The second part includes baseline and project carbon methods of calculation. The third part includes the
monitoring procedures. The carbon sink calculation method is an important part of the methodology. The
key to the formation of carbon sink calculated methods is to clarify the carbon sequestration function and
mechanism of project activities, including the identification of carbon storage changes in carbon pools
going to be caused by the project activities. The determination and selection of carbon pools and
greenhouse gas emission sources is the premise of carbon sink measurement. Also, except the carbon
dioxide, we should pay attention to whether there are other sources of greenhouse gas emissions and
energy consumption during fishing activities. In particular, attention should be paid to the timeliness of
carbon sinks. If harvesting occurs under the project scenario, the long-term change in the carbon stock of
the project's wood products is equal to the carbon in the wood products still in use and going to landfill at
the end of the project period or 30 years after the product is produced, while the rest is assumed to be
immediately discharged when wood products are produced.

There are currently no international and national standards for monitoring and calculation of carbon
sinks in fisheries. Without a series of methodological systems, it is impossible to evaluate fishery carbon
sink capacity and tradable volume of China comprehensively and systematically. The coupling relationship
between fishery carbon sinks and economic development has not yet been established. Several industry
standards are under development. However, there are still uncertainties and many challenges regarding the
timeliness and measurement methods of fishery carbon sinks. The primary controversy over the carbon
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sink of seaweed farming is the timing of carbon sequestration. For mariculture bivalve, it is complete and

needs to be considered from the perspective of an entire ecosystem.

In terms of yield and scale, China is the largest mariculture country in the world. Non-feeding species
such as bivalve and seaweed are mainly mariculture species. The mariculture of bivalve and seaweed is
advantageous owing to low cost, high yield, and strong controllability. At the same time, bivalve and seaweed
can improve the regional marine environment, such as alleviating ocean acidification and hypoxia, reducing
marine eutrophication and harmful algal blooms. Recently, the marine capture stock amounted to 1000 million
tons. The fishery carbon sink is a relatively new concept, and its incorporation into the global climate
governance system has just started. In this regard, it is recommended to strengthen the theoretical research on
fishery carbon sinks, establish a data system for fishery carbon sink measurement, establish a demonstration
area for the research of fishery carbon sinks methodology, and pay attention to the rational use of harvested
shellfish, seaweed, and the captured stock, to solve the current problems regarding fishery carbon sinks and
promote the development of carbon sinks fisheries. The development of the carbon sink project methodology
will help promote the development fishery carbon sink trading market and play the role of fisheries in coping
with climate change.

Key words Fishery carbon sink; Mariculture; Bivalve and seaweed; Capture stock; Methodology



