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Evaluation of carbon dioxide 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
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Abstract: The function of carbon sinks in marine aquaculture have been gradually recognized and affirmed; therefore,
marine aquaculture is no longer merely an economic activity, but a positive carbon ecological activity. This research focused
on fishery carbon sinks as a main process for transferring carbon from aquatic products during harvest. According to the data
of marine aquaculture production in the coastal areas of the China Fishery Yearbook, we studied 9 coastal provinces of
China and selected the major species of shellfish and algae for this study. Dry and wet weight carbon coefficients of the
selected marine products were obtained from reported values in the literature ; then we combined those values with the yield
data to obtain the mariculture carbon sinks of different biological species in the coastal provinces of China. Since there is a
relationship among carbon sinks, a carbon sink coefficient and the yield of different species, we measured the annual carbon

sequestration capacity of aquaculture seawater in the coastal areas of China from 2008 to 2015. Furthermore, we divided the
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coastal provinces into different sea areas to compare the carbon sink capacity and carbon sink conversion ratio of the Bohai
Sea, the Yellow Sea, the East China Sea, and the South China Sea. Finally, from the perspective of the structural effects
and scale effects of marine aquaculture carbon sinks, we identified the main factors that affect the carbon sink potential of
coastal areas in China using an LMDI model. The potential for carbon sinks in the different sea areas were comprehensively
evaluated. The results showed that since 2008 the amount of carbon in China’s marine aquaculture industry has exceeded
1.05 million tons. The carbon sink conversion ratio and carbon sink capacity of coastal provinces has increased over the
years, indicating that the carbon sink capacity of China’s marine aquaculture industry cannot be neglected. Shellfish can
significantly increase the carbon sink conversion ratio; therefore, the carbon sink conversion ratio of the South China Sea
was the highest and had the best culture structure of the 4 sea areas, and that of the East China Sea was the lowest. The
conversion ratio of carbon sinks along the Bohai Sea and the Yellow Sea coast were similar. From the time dimension, the
carbon sink conversion ratio in the South China Sea was stable, while the East China Sea had a significant downward trend
of carbon sink conversion ratio due to its aquaculture structure, which is biased towards algae. The carbon sink capacity of
each sea area has increased over time, with the highest in the Yellow Sea and the lowest in the Bohai Sea before 2012 and
the lowest in the South China Sea after 2012. The gap among the different sea areas has increased each year. An LMDI
method compared the effects of aquaculture structure and the scale effect on the carbon sink capacity of China’s marine
aquaculture industry. It was found that the scale effects of each sea area were always positive, while the structural effect
were sometimes significantly negative. In some years, the changes in aquaculture structure inhibited the carbon sinks,
indicating that the structural effects were more significant but unstable. Based on the above conclusions, China’s coastal
carbon sequestration industry should improve carbon sink technology and stabilize marine aquaculture production, followed

by optimizing the aquaculture structure and paying more attention to shellfish with large carbon sink potential.
Key Words; mariculture; carbon sink capacity; carbon sink efficiency; main sea area; LMDI
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Table 1 Calculation method of carbon sinks for different types of sea products
Z] Category BRIC B2 30 Caleulation formula of carbon sink
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Table 2 Carbon sinks parameter for fish, algae and crustacean

eS| LYY WILRE % (THE)
Category Species Carbon sink coefficient/% ( dry weight)
BB Algae 5% 31.20
M 26.40
£ £ 27.39 (BTN 20%)
TLE 20.60
=S 30.70
*3 NEEFERBCNESH
Table 3 Carbon sinks parameter for shellfish
bt ﬁﬁ?[%%&/%(f%:)
S B THE Quality weight ratio/ % Carbon sink (:().eﬁlclent/ %
Category Species Dry 'weighl (dry weight)
ratio/ % BRI % AR W5
Soft tissue Shell Soft tissue Shell
e AR 65.10 6.14 93.86 45.89 12.68
Shellfish i DL 75.28 8.47 91.53 44.40 11.76
Jad I 63.89 14.35 85.65 43.90 11.40
Iy 52.55 1.98 98.02 44.90 11.52
L3 70.48 3.26 96.74 44.99 13.24
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Table 4 Forecast data on carbon sink capacity of seawater in coastal provinces from 2008 to 2015

et i Hb lfiﬁ?}é?l:‘%"% Il ?‘éﬁ)‘f;‘é?[ BRI b IZM(DJIK
City Year R.eglonal carbon Sheﬂfl.sh carbon Algafé carbon .Reglnn.al. carbon
sink summary/t sink/t sink/t sink efficiency/%
4:[F National 2008 1056973 980021 76952 9.2176
ik 25248 25248 0 9.7216
uT 166507 152828 13679 9.1566
TR 56177 54774 1403 9.5426
WL 66725 64897 1828 9.5256
bicyz:s 227555 199246 28310 8.8909
ITFR 294985 267090 27895 9.0769
IR 158994 156200 2794 9.5949
I 58191 58191 0 9.7216
5] 2590 1547 1042 7.4649
4> National 2010 1162949 1077375 85574 9.2125
B[4 28316 28302 14 9.7180
o7 188235 173530 14705 9.1828
DN 61813 60241 1572 9.5394
Wi 66651 64300 2352 9.4706
By 244321 211108 33213 8.8210
AR 330436 301116 29321 9.1142
IR 175103 171708 3394 9.5821
i} 65066 65066 0 9.7216
e 3007 2005 1002 7.7751
4=[F National 2012 1272767 1174792 97975 9.1903
tCIs[4 33220 33220 0 9.7216
T 222193 204117 18076 9.1618
DN 69863 68590 1272 9.5904
Wit 68929 66327 2602 9.4536
bicyz:s 258049 218693 39356 8.7225
ITFR 361793 330345 31448 9.1258
IR 185222 181121 4101 9.5626
] 70046 70046 0 9.7216
5] 3452 2332 1120 7.8166
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Fig.2 The box-plot of carbon sinks for coastal provinces in China
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Table 5 Carbon sequestration data for mariculture of main sea areas from 2008 to 2015

TG, i W R M
Sea area Bohai Yellow Sea East China Sea South China Sea
&4 17 Province SUAS R B4 AR T WL A JAR TV
445 Year 2008

7K FRAE = 8 Aquaculture production/t 2078148 3838529 3259911 2290335
I K Carbon sink summary/t 191755 351162 294281 219775
D ZEHIL T Shellfish carbon sink/t 178076 321864 264143 215938
BERBRICAE Algae carbon sink/t 13679 29298 30138 3837
WRICHALLE Carbon sink conversion ratio/% 9.2272 9.1484 9.0273 9.5958
AEA)y Year 2010

7K FEFH = 1 Aquaculture production/t 2341237 4273492 3473538 2535376
I K Carbon sink summary/t 216551 392250 310973 243176
12K B0 & Shellfish carbon sink/t 201831 361357 275407 238780
BRBRICH Algae carbon sink/t 14719 30893 35565 4397
BRALEE AL I Carbon sink conversion ratio/ % 9.2494 9.1787 8.9526 9.5913
AR Year 2012

WK TR e B Aquaculture production/t 2766924 4692956 3687559 2701638
BRIC AR Carbon sink summary/t 255413 431656 326978 258720
DU2EBRI 4 Shellfish carbon sink/t 237337 398935 285020 253499
BB Algae carbon sink/t 18076 32720 41958 5221
BRALFEAL L Carbon sink conversion ratio/% 9.2309 9.1979 8.8671 9.5764
B4 Year 2014

WK ST P Aquaculture production/t 3127173 5086237 4086524 2870153
RIS Carbon sink summary/t 289361 465700 361471 274656
DUETIC 4 Shellfish carbon sink/t 269855 427402 313797 268840
WAL & Algae carbon sink/t 19506 38298 47674 5816
BRALFEAL L Carbon sink conversion ratio/ % 9.2531 9.1561 8.8454 9.5694
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Table 6 Decomposition effect of carbon sequestration in coastal provinces of China from 2009 to 2015

i B ] STE bLE OE O ‘ STE SCE OE
Sea area Year Structure Scale Overall Year Structure Scale Overall
effect effect effect effect effect effect
1#1F Bohai 2009 0.9672 1.0470 1.0126 2010 0.9935 1.0761 1.0690
THIfF Yellow sea 0.9631 1.0666 1.0272 0.9917 1.0438 1.0351
ZRifF East China sea 1.0563 1.0221 1.0797 1.0260 1.0425 1.0695
F§U South China sea 1.0451 1.0413 1.0883 0.9894 1.0631 1.0519
#hiF Bohai 2011 1.0862 1.0676 1.1596 2012 0.9519 1.1070 1.0538
T Yellow sea 0.9302 1.0397 0.9672 1.0423 1.0562 1.1009
7R} Fast China sea 1.0189 1.0268 1.0462 1.0632 1.0340 1.0993
R South China sea 1.0300 1.0370 1.0682 1.0780 1.0275 1.1076
0 Bohai 2013 0.9138 1.0887 0.9948 2014 1.0512 1.0381 1.0913
T Yellow sea 1.0090 1.0387 1.0480 1.0580 1.0434 1.1040
7R Fast China sea 1.0230 1.0519 1.0762 0.9957 1.0535 1.0489
F§1 South China sea 1.0047 1.0434 1.0483 1.0418 1.0182 1.0607
#h7fF Bohai 2015 0.9799 1.0146 0.9942 Sy 0.9351 1.5267 1.4277
T Yellow sea 0.9791 1.0311 1.0095 1.2321 1.3211 1.6278
7R} Fast China sea 1.0303 1.0539 1.0859 0.9679 1.3663 1.3225
F§iff South China sea 0.9698 1.0274 0.9964 1.1655 1.2875 1.5006

RT 2009—2015 F £ EiBKFEBRICHH R

Table 7 Decomposition effect of carbon sequestration in national mariculture from 2009 to 2015

Ay SERRL TR LRE RO 4y SN FUBLRON, BB
Year Structure effect Scale effect Overall effect Year Structure effect Scale effect Overall effect
2009 1.0045 1.0453 1.0501 2013 0.9992 1.0531 1.0523
2010 1.0042 1.0531 1.0575 2014 1.0322 1.0401 1.0736
2011 0.9982 1.0413 1.0395 2015 1.0074 1.0331 1.0408
2012 1.0391 1.0535 1.0947
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