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it e TGS, HLHIAIREST (HY/T 0305—2021)1",
458 78 S T AR B g B R H8 ORI s 2
T, BRI R R IR A SRS L, BRAR
Kaleppa v RS Bl b, AR5 T e AR A R R Y
KA A WL 2 FE TR A Wik 2 (microbial carbon
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1.2 #WRAGZE

BT HEBICN FARA WA (Sacchar-
ina japonica). i 3% (Undaria pinnatifida). 53¢
(Porphyra sensu lato) 17L& (Gracilaria spp.) J& &
[ U R F- B i e, H ™ i K SR A I B
FREHY 98% DL b ARSI AEAZ LRI, i B
WO . RS TLE AL 5 AN KAEHET
giit, HAW EEERESK (Eucheuma muricatum)
“E WG 3 (Sargassum fusiforme). £ 463 (Gelidium
amansii) FIWFE (Ulva prolifera) 55 3% 58 1 FURT ™ 5
BOUNBRRS o R e A AL dE Al B il . AR
B 2ok A R TRC) 5 f#AT MUK (dissolved organic car-
bon, DOC) Fli 4 A LAk (particulate organic car-
bon, POC) I JE B AL, SR, W T H Aij ik
Z 4 M WA AR R 1A PL ST ik
TR DK, A SE IR AR U Krause-Jensen 451 fff
FEEERIATIIE, RIVZY 33% Y535 R L A 1 A A5 L
T T 11% JURE A HL AR 4 0 R B A 32 38 %0 4 78
TRk . PR, SRR BRI A EAR A K

C = Cbio +33%XDOCre1 + 11% X POCrer (1)
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(D), COPBIREFEERIT, Crio NI HHBRIL,
DOCre1 Jo ¥ B BT A MR AT HLBR B, POCrer 19 18
R MR A LR B Hrp, AR T RS
WAL ARS8 07 L2 B RERE AR, 45K

Crio = Qi X Wew (2)
X Q) F, Cup HAERTEETE BRI, O AR
R BB TR, Wew NARRTE BT RS
TR OR . MBARIE L3R 1,

®1 HIEEENTANERESHRE, SRRNIRER (TH)

Tab.1 Market price of cultivated seaweeds and their carbon content, nitrogen content and phosphorus content (dry weight)

R A /) A FRE R/
seaweeds species market price carbon content nitrogen content phosphorus content
%t 1.23 31.20 3.07 0.43
S. japonica
HH 2.30 28.81 3.80 0.26
U. pinnatifida
53 7.38 41.96 4.87 0.62
Porphyra sensu lato
L& 1.44 28.40 4.04 0.29
Gracilaria spp.
FoAth i 2.72 30.36 1.84 0.37
others

TE: 1) F AR AR AN BB, OISR S 2) . VLB AN LA ) B R 0 S S PR 4R TV B AT A S A B

3) ARSI G EE . SRR BBEE . FRSA & M E.

Notes: 1) Other seaweeds include S. fusiforme, E. muricatum, G. amansii and U. prolifera; 2) the carbon content of Porphyra sensu lato, Gracilaria spp.

and other seaweeds refer to the datas of P. yezoensis, G. tikvahiae and other seaweeds, respectively; 3) the nitrogen and phosphorus content of other

seaweeds is the average of S. fusiforme, E. muricatum, and U. prolifera.
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MR T REICY dz X 383 TG 48 20 (Log-
arithmic Mean Divisia Index, LMDI) %} 4% 1% ¥ fe bk

LA S 2T ER R N R AT 04, AN
V.2
V_CxQxSxS (11)

AN, S RE L SOR,
SR R T S 1 G 8 AN (R FI AR 15 1 BT 1Y L
1B, BPARRICANERLY (value effect, VLE); é%
ﬁi%“@?ﬁﬁﬁﬂ:%ﬂfgiﬂﬁ FefE, A Bl & BN
(coefficient effect, CE); E%‘A‘P{@{;& ) 7 2t T

BB E, A %ﬁﬁxﬁixﬁ (efficiency effect,
EFE) S AR Ay Ak 15 T 5 1) 5% B8 TH AR RN (area eff-
ect, AE). fpummiszm B ZMAALAK D), 53
A (12):

V =VLEXCE XEFE x AE (12)

A S R H 1 AR R I R [ BR (6, AE [0, 0] B
W vl vy AR v, ek AV, xR (12) #E 4T
LMDI ik 73 figt al 4«

AV =V, —-Vy = VLE, X CE; XEFE, X AE,—

VLE( X CEqg X EFEg X AEg = AVyLg + AVcg+

AVErg + AVaAg (13)
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Fig. 1 Outputs of cultivated seaweeds in
China from 2009 to 2021

Other seaweeds include S. fusiforme, E. muricatum, G. amansii, U. pro-

lifera; the same below.
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Fig.2 Carbon sink of cultivated seaweeds in
China from 2009 to 2021
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®2 20092021 FRIFEERILELS
Tab. 2 Summary of carbon sink of cultivated seaweeds from 2009 to 2021 t
pﬁ\ H 4 %ﬁwy ?ﬁ?}*fi Poﬁ%m Grjzlcz;%ria It I}ﬁ H 4 %ﬁwy %ﬁ?]‘f; Poﬁ%m Grjzlcz;%ria ity
ftem  year Jjaponica pinnatifida  sensu lato  spp. others|| item year Jjaponica pinnatifida  sensu lato  spp. others
Cpio 2009 258325 38 149 45097 35600 4772 Chio 2016 447123 43 778 55087 81390 7236
DOC,¢ 48535 7168 8473 6 689 897 || DOCye 84 007 8225 10 350 15292 1359
POCyq 30423 4493 5311 4193 562 || POC,y 52658 5156 6488 9585 852
C 277 688 41 009 48 477 38269 5130 C 480 638 47 059 59216 87491 7778
Chio 2010 275684 31441 44 996 32581 4700 Chio 2017 463 833 48 054 72719 87663 7883
DOC,¢ 51796 5907 8454 6121 883 || DOCye 87 147 9028 13 663 16 471 1481
POCyq 32467 3703 5299 3837 554 || POCy 54626 5659 8564 10324 928
C 296 348 33798 48 369 35023 5052 C 498 600 51656 78170 94234 8474
Cpio 2011 283365 38 656 43112 42986 5532 Chio 2018 484392 50 562 84666 93818 7610
DOC,¢ 53240 7263 8100 8076 1039 [|DOC, 91 009 9500 15907 17627 1430
POCyq 33372 4552 5077 5062 651 || POCyy 57047 5955 9971 11049 896
C 304 605 41554 46 343 46208 5946 C 520 700 54 352 91012 100850 8180
Cpio 2012 305450 50452 47133 55885 6714 Chio 2019 506 694 58309 89 083 98856 8334
DOC, 57 389 9479 8856 10500 1262 || DOC, 95199 10 955 16 737 18573 1566
POCye 35973 5942 5551 6582 791 || POCyy 59673 6867 10491 11642 982
C 328345 54 234 50666 60074 7217 C 544 674 62 680 95760 106266 8959
Cpio 2013 317534 49 009 47792 69 896 7544 Cpio 2020 515291 64 997 93159 104787 9232
DOC, 59 659 9208 8979 13132 1417 || DOC, 96 815 12212 17 503 19688 1735
POC,¢ 37 396 5772 5629 8232 888 || POC,| 60 686 7 655 10971 12341 1087
C 341335 52 683 51374 75135 8109 C 553915 69 869 100142 112642 9924
Chio 2014 424643 58513 47906 74474 6658 Chio 2021 543 622 61 149 83568 113293 9743
DOCye 79783 10 994 9001 13992 1251 ||DOCyy 102 138 11489 15701 21286 1830
POCye 50010 6891 5642 8771 784 || POCyy 64022 7201 9842 13343 1147
C 456 472 62 899 51497 80056 7157 C 584 370 65732 89832 121785 10473
Chio 2015 440322 55460 48 621 76722 7289
DOCye 82 729 10 420 9135 14415 1370
POC,¢ 51857 6532 5726 9036 858
C 473 327 59617 52265 82473 7835

e 1) HAbHE AR BB SRS

2) C= Cpip +33% X DOCe) + 11% X POCp

Notes: 1) other seaweeds include S. fusiforme, E. muricatum, G. amansii, U. prolifera; 2) C= Chio +33% X DOCe] + 11% X POCre .
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P 4 rp i o A AR T B AR T S 22 B 0 (L 0 1 25
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Bk K e A, 4 R A 2 A e EL AR BE T
ik it AR RLSE ORI i T RE
SRS A PR BRI BT, R AR B A T
EHA R

LT A M AR XA PP e RS L KT A
TR 10 25,y T 9 DX AR R BR A 1 R R,
DRI 2248 T AR B R O E , 2 AR AL
ST EREEAL T K- OFFEE, @
TLAE VLA LT 48 S5 1 i 52 R L TR
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IR S U A T, A — R L A
BRI BRI BT MBI . 2012 4R AR
AW ARR X P E 58w, MH 25
KBRS T 40, RICALFMEA K. %
R M A, SESAMIFAIE S BRI 0
PR AR s H i TR R R 2
AR, PRI, TR A T R 5 TR X 4
AN, HOE BRI B2 B I A
23 HEESEREWLELFNEZWEEZSH
) LMDI 5 5 fif ¥4 2010—2021 45 4k 55 16
BRI B LM AN mME R, SR ER,
2012 S [ K el FEREBEERE ¢ ) B e K — 4,
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Fig.3 Carbon removal capacity per unit area of
cultivated seaweeds in China from 2009 to 2021

BHEBE E—FWEK T 9%, MR R
P & e BEE T IR SIER (R 4). PiSER, VLE
M EEFEAGRRRAE | ££47, UiBH VLE Xk s ifg i
B 22 U A 1 ) 3R Sl AR R R o bR AR 52
6 ol FH 100 5 5 YA S 1 5 Al SRR R sF [ L AR v AR
fRmiEe, P, CE A s W& 1 25 B el Ak
Ay Al SR AR 1 . (W ey b S E S 20 |
o, MRS S I AEE e R, i, 2R
FLE AR 8 LA BT LT, gty FIg s e 4 BT
TR, SECCE$EAE 1 L FiRsh, nlll CE Xthx

250 1 = 45 S, japonica

-e- IASE  U. pinnatifida

-4 3% Porphyra sensu lato
- v VL&  Gracilaria spp.
-~ HAth  others

200
150

100
gle—e—e—e—0t—90¢—0o¢9¢ ¢+

DN D D P
P A AR AR A AP

A

year

(@

WL B E ML TT
total economic value of carbon sink

B 8/ 13 75

carbon storage value

FKSE . AE BYIRSIAE AT B s o AS (R 45
SR )R] 2 AR 0 VA A T R 20 B I L A 0K s A
AR ZR ., LRGN F, EFE Ml AE & ki 5
LT EN EEm AR, REFRORIIRSNEH]
FIXFIT T, VLE Fl CE X} Rk I i 22 5 (8 10 9K 3)
YERIME /N

3 i
30 BIEESEMLREZLFNMESHMGERE

SERGHIER

ZURAR . ERIR IR R IR = R AR AR S RS
A 2 s R L o A R i R A A B i A

-= 77 S japonica

r-e- iS¢ U. pinnatifida

- 3% Porphyra sensu lato
v {T&  Gracilaria spp.
- HAth  others

12 000

10 000

8000 |

6 000 |

4000 r

2000 r

AAAAAA

&4 2009—2021 FhEFHETFENBCLEFNE

(a) BRIC S ZFENE, (b) BRI

Fig. 4 Economic value of carbon sink of cultivated seaweeds in China from 2009 to 2021

(a) total economic value of carbon sink, (b) carbon storage value.
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=3 2009—2021 FHEFES X FIEERRCEEFNE

Tab.3 Total economic value of carbon sink of cultivated seaweeds in coastal areas of China from 2009 to 2021

JedBiErE 2Tt AREBEPEL VT I E
Northern Marine Economic Cycle Eastern Marine Economic Cycle Southern Marine Economic Cycle
TS T, Ui fIEs Wi it [ i
Liaoning Hebei Shandong Jiangsu Zhejiang Fujian Guangdong Hainan

Vo Vs v V/s vV V/S 14 V/S 14 V/S 14 V/S Vv V/S 7
2009 419 186 30.6 0 00 390506 23.3 205416 5.9 190010 20.5 1026275 32.9 134 689 36.9 32825 28.0
2010413 684 28.3 320 64 392085 20.9 169258 4.4 201499 19.3 1048681 31.2 137942 46.2 33708 28.1
2011515059 38.7 0 00 333735 184 171453 45 207402 19.3 1105477 31.4 149 665 54.2 33162 27.5
2012554779 41.4 0 00 443 387 24.7 159149 4.1 225617 21.7 1264220 354 169913 51.1 35018 28.0
2013 537 560 43.7 0 00 485412 282 209030 5.3 188750 189 1349750 35.2 172752 54.7 39123 29.8
2014 621 853 53.2 0 00 919380 46.4 193664 4.9 208 840 20.7 1383354 34.7 165431 54.8 23951 30.2
2015 607 600 49.7 0 00 891288 42.6 205762 5.1 238302 20.2 1461711 35.1 156 442 53.0 24952 30.7
2016 527 266 46.4 0 00 880529 36.7 211900 5.1 267787 19.6 1592749 40.3 151084 62.3 26 161 32.9
2017 546 241 50.0 0 00 978 388 36.1 312087 6.5 377613 24.6 1700771 41.4 170 346 72.0 26 906 37.3
2018 598 554 52.6 1278 182.6 976 102 38.5 314436 7.2 468999 26.7 1884112 43.6 198 620 73.0 16 628 27.9
2019 760 826 57.6 1267 181.0 939731 42.1 306254 7.3 503 620 29.1 2010021 45.8 199479 74.1 3299 7.7
2020789 769 54.1 767 109.6 918673 42.0 349401 8.5 640003 36.7 2031803 45.8 183474 854 11802 31.5
2021797 020 55.8 0 00 984 143 49.5 350027 9.2 585511 34.8 1998831 44.8 171266 98.5 2595 24.0

W VAREREREBOL R A TN ET ), VSRR R B SRS 25 E (5 76/hm’).
Notes: V is the total economic value of carbon (ten thousand CNY), and V/S is the total economic value of carbon sink per unit area (ten thousand
CNY/hm).
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Fig. 5 Spatiotemporal differentiation of total economic value of carbon sink of

cultivated seaweeds in some coastal areas of China
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Fz4 2010—2021 FHEFEESRERCEAZFNEN D BEYA

Tab. 4 Decomposition effect of total carbon sink economic value of cultivated seaweed in China from 2010 to 2021

X A Hi X oy

region year VLE CE EFE AE region year VLE CE EFE AE
e 2010 0.980 1.002 0.935 1.088 || %[ 2016 1.010 1.003 0.999 1.007
China China
JeBFE LT 0.902 1.004 0.942 1.095 || AbEpiELELe e 0.944 1.002 0.950 1.011
Northern Marine Economic Circle Northern Marine Economic Circle
AL 1.119  1.005 0.817 1.119 || RILAEPELFIE 1.040 1.011 0.980 1.063
Eastern Marine Eeconomic Circle Eastern Marine Eeconomic Circle
RSV 0.989 1.002 0.977 1.043 || gL 0.935 1.002 1.120 0.939
Southern Marine Economic Circle Southern Marine Economic Circle
AE 2011 0.988 0.994 1.068 1.001 || 4=[F 2017 1.049 1.005 0.978 1.091
China China
JeH LT 1.128  0.996 1.106 0.947 || JLFBHEPELSEIE 1.137 1.005 0.938 1.084
Northern Marine Economic Circle Northern Marine Economic Circle
ARHMFHEL T 1.029 0.995 1.034 0.992 || ARHEB#EPELTTIE 0.767 0.996 1.280 1.142
Eastern Marine Eeconomic Circle Eastern Marine Eeconomic Circle
[Rekisiaaeazithdcl 0.846 0.993 1.027 1.062 || 7 HHE 4 5 Pl 1.028 0.998 1.054 1.027
Southern Marine Economic Circle Southern Marine Economic Circle
| 2012 1.007 0.996 1.104 1.024 || &= 2018 1.023 1.003 1.069 0.989
China China
JedEEE A 0.921 0.995 1.105 1.028 || dbifE4ir 1.034 1.000 1.063 0.970
Northern Marine Economic Circle Northern Marine Economic Circle
AR 1117 0999 1.006 1.011 || AR#HFELIFE 1.009 1.003 1.166 0.959
Eastern Marine Eeconomic Circle Eastern Marine Eeconomic Circle
[eksiisiasea 2ty i 1.105 1.000 1.096 1.037 || FEHHEELSTIE 0.939 1.003 1.025 1.049
Southern Marine Economic Circle Southern Marine Economic Circle
4[5 2013 0.990 0.997 1.079 0.981 || 4=[& 2019 1.004 0.999 1.072 0.985
China China
JedRiEE 2T 1.016 0.997 1.138 0.907 || dL#BHFELHFIE 1.098 0.999 1.098 0.969
Northern Marine Economic Circle Northern Marine Economic Circle
ARHAFEL T 1.007 1.000 1.023 1.002 || ARHHEELSTIE 1.012 0.990 1.090 0.978
Eastern Marine Eeconomic Circle Eastern Marine Eeconomic Circle
B AR AT 0.996 0.998 1.068 1.014 || FaElkELL 5 0.914 1.001 1.040 1.008
Southern Marine Economic Circle Southern Marine Economic Circle
4:[H 2014 0.947 0.998 1.187 1.051 || &H 2020 1.008 0.999 1.031 1.004
China China
L2 0.693 1.007 1.436 1.091 || AbEEHEEL B 1.057 0.997 0.976 1.037
Northern Marine Economic Circle Northern Marine Economic Circle
R HZ T 1.043 1.010 0.969 1.013 || AREBHEPELFTIE 0.890 1.011 1.196 0.987
Eastern Marine Eeconomic Circle Eastern Marine Eeconomic Circle
RIS 1.548 0.998 0.962 1.070 || MESHEELTTIE 0.944 0.995 1.037 1.001
Southern Marine Economic Circle Southern Marine Economic Circle
e 2015 0.993 1.000 0.989 1.037 || [ 2021 0.963 0.996 1.050 0.985
China China
JeBFE LT 1.013 1.001 0.959 1.025 || Jb¥#BigEREL5FE 0.948 1.002 1.055 1.004
Northern Marine Economic Circle Northern Marine Economic Circle
AL 0.974 1.005 1.044 1.045 || ZREFHEEEL T 1.008 0.991 1.030 0.940
Eastern Marine Eeconomic Circle Eastern Marine Eeconomic Circle
RSV 0.907 0.997 1.032 1.038 || BdifuE4 T 1.023 0.994 0.991 1.031
Southern Marine Economic Circle Southern Marine Economic Circle

A GBS YL, 0T WARSE, ARIBIEEATT OIS, R AT AR AR R S
Notes: The Northern Marine Economic Circle covers Hebei, Liaoning, Shandong and other places, the Eastern Marine Economic Circle covers Jiangsu

and Zhejiang, and the Southern Marine Economic Circle covers Fujian, Guangdong and Hainan.
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Spatiotemporal differentiation and influencing factors of carbon sink
economic value of cultivated seaweeds in China

*

YU Yueru ’,  YANG Rui "*, CHEN Haimin '*, CHEN Juanjuan ', LUO Qijun *

(1. Key Laboratory of Marine Biotechnology of Zhejiang Province, Ningbo University, Ningbo 315211, China;
2. School of Marine Sciences, Ningbo University, Ningbo 315211, China)

Abstract: Since the industrial revolution, the concentration of greenhouse gases in the atmosphere has risen rap-
idly due to human activities, which has seriously affected the global climate. The development of blue carbon
industry has become an essential measure for people to cope with climate change. Cultivated seaweeds carbon
sinks are an important component of blue carbon. Based on the data of seaweeds cultivation in eight coastal
provinces of China, this research calculates the total economic value of the carbon sink of the cultivated seaweeds,
and analyzes its spatiotemporal differentiation characteristics. The LMDI index decomposition method was used to
analyze the influencing factors of the total economic value of carbon sink of cultivated seaweeds in China, which
provided a reference for the reasonable calculation and evaluation of the economic value of carbon sink of cultiv-
ated seaweeds. The results showed that the carbon sink and total economic value of cultivated seaweeds in China
showed an overall upward trend from 2009 to 2021,which reached 0.87 million tons and 48.8 billion CNY in 2021,
respectively. The carbon sink of different seaweeds from high to low were Saccharina japonica, Gracilaria spp.,
Porphyra sensu lato, Undaria pinnatifida, and others (Sargassum fusiforme, Eucheuma muricatum, Gelidium
amansii, and Ulva prolifera). The carbon removal capacities per unit area from high to low were S. japonica, G.
spp., U. pinnatifida, others (S. fusiforme, E. muricatum, G. amansii, and U. prolifera) and Porphyra sensu lato.
The total economic value of cultivated seaweeds carbon sinks in Fujian, Shandong, and Liaoning provinces were
relatively high, while in other provinces those were relatively low. The culture efficiency effect (EFE) and culture
area effect (AE) had a strong driving effect on the total economic value of carbon sinks in cultivated seaweeds.
Research had found that the carbon sink potential of cultivated seaweeds in China must be addressed and could
create huge economic benefits. The total economic value of cultivated seaweeds could be improved by adjusting
the cultivation species and structure reasonably. Suggestions were proposed from the government, the scientific
research unites, the industry practitioners and the public. Efforts should be made to enhance the function and value
of fishery carbon sink, especially the cultivated seaweeds industries, to promote the high quality development of
the fishery industry that contribute to mitigating global climate change, and realize the grand goal of " carbon-
peaking and carbon neutrality".

Key words: cultivated seaweeds; carbon sink; economic value; spatiotemporal differentiation; influence factor
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