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Tab.1 Parameter description

£

index parameter

EE PN

reference

iR (0,)  fishing vessel construction
KZE ()  water pump

W HL(12)  oxygenator 3kW

100~300 kW-h/73 75 [28]
60 m*/(kW-h)

[29]

HHHL(A3)  feeder 0.075 kW [3]
W FESEN (@) fishing vessel fuel consumption 0.225 t/kW CFEL POATLh e A A e B e 0 B 22 B )
(o)  nitromethane 51.60 kg/hm? [27]
SEi ()  diesel 3.21 kg COy/kg [31]
B JJ(w)  electrical power 0.78 kg CO,/(kW+h) [32]
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Tab.2 Decoupling state classification
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Fig. 1 Trends of carbon emissions from freshwater

aquaculture in China from 2011 to 2021
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Tab.3 Decoupling elasticity index of

national freshwater aquaculture industry

Y YT
iﬁ AC/C  AG/G elagsfi(r:%iaifﬂfiex typesﬂfg ﬂffjpling
2011—2012  0.0389 0.5202 0.074 8 55 et
2012—2013  0.0221 0.1122 0.197 2 BE)Re)
2013—2014  0.010 1 0.0872 0.116 0 55 et
2014—2015  0.0141 0.0522 0.269 9 BE)Re)
2015—2016  0.006 1 0.089 2 0.068 0 Ea]iRea|
20162017 —0.1192 0.0108  —10.990 1 SR B
2017—2018 —0.0310 0.0014  —22.7221 R
2018—2019 —0.0500 0.051 4 -0.973 5 SR B
2019—2020  0.0310 0.0324 0.955 6 bk
2020—2021 —0.0007 0.170 1 —0.004 0 o f
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Tab.4 The decoupling elasticity index of freshwater aquaculture in the eastern China

prﬁz‘gﬁﬁ%m 2011 2012 2014 2015 2017 2018 2020 2021
B[ -4.25 5.14 1.23 0.37 0.32 0.85 2.46 5.17
Beijing gl Pkt IR RS IR FEIRERE IR IR
Kt 0.13 0.18 —0.08 -0.16 -2.20 7.08 —0.61 -0.75
Tianjin o]k 5 fii 4 i) SR A TR 4 piliing )
SiEld 0.08 6.71 3.08 0.62 -3.16 1.10 -0.10 0.19
Hebei o]k S cit Pk RS SR A FEIRERE 4 )iika)
U -0.01 0.09 0.01 0.24 0.16 0.14 2.11 -3.20
Liaoning o fi 5 fiil IR 4 IR 5 fii Pk piliing )
ki -0.26 -1.53 0.32 0.14 0.85 1.18 8.68 1.58
Shanghai o fi S £ IR RS FEIRERE FEIRERE IR ks
L 0.04 0.04 —0.04 0.00 0.37 -1.60 -0.15 0.01
Jiangsu o]k 5 fii 4 A IR S 1 £ 4 )iika)
WL 0.05 —0.69 —0.56 —0.58 0.25 —0.57 —0.24 0.26
Zhejiang o]k S £ 4 A IR S 1 £ 4 )iika)
fiz¥ed 0.01 0.43 —7.48 0.50 0.68 0.50 0.10 2.51
Fujian o fi F5fiil piliink) Bl 5 4 F5fii F5 544 ks
IE:S 0.06 0.63 0.55 0.25 -0.06 —0.13 0.18 7.09
Shandong o]k 5 fii Bl FEIREY bt itk F5 544 ks
J7HR 0.04 0.17 0.96 -0.33 0.17 0.43 0.10 2.05
Guangdong o]k 5 fii Pk i A 5 4 F5fii F5 544 ks
i) 0.06 0.30 0.49 0.54 -2.21 2.03 0.26 -0.33
Hainan o]k 5 fii Bl Bl S G TR F5 544 il
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RS PERMECRIKFRFEM B £ 3R MR B
Tab.S Decoupling elasticity index of freshwater aquaculture in central China

proﬁfﬁiijjiﬂi(s%icts 2011 2012 2014 2015 2017 2018 2020 2021
I} -0.32 0.27 -1.17 -2.76 -0.28 -3.49 0.39 10.61
Shanxi SR BBk R SR TR S A EE)RaA) ik
L 0.15 2.94 0.54 0.09 -2.26 0.64 0.99 0.04
Jilin EE) K] Ikt o BE)RA) BE)RA) TR 55 4 ok idde BBk
Ly RN 0.14 —-0.08 0.66 0.28 0.55 —-0.01 0.29 0.06
Heilongjiang Eo )ik SR BE)RA) BE)RA) 55 b ) SR EE)RaA) EE)RA)
G 0.08 0.25 0.14 0.16 0.82 —0.08 -0.74 0.09
Anhui Eo )ik BBk BE)RA] BE ke ki SR SR EE)RA)
b} 0.06 0.05 0.16 0.19 -0.15 0.61 0.05 0.81
Jiangxi EE) K] B BE)RA) BE)RA) R 55 4 M ok
bal) 0.18 1.03 0.16 1.90 —-0.06 1.22 —-0.14 -0.38
Henan Sl ok BE) ke ik L R FEIR B SR YR
bkl 0.07 0.07 0.12 0.15 —5.46 0.04 0.07 0.69
Hubei Sl B K] BE)RA) BE)RA) R 55 4 BE)RaA) EE)RA)
i) 0.13 0.26 0.31 0.23 0.12 0.10 0.00 0.59
Hunan GR)iReA| GR)iReA| 5 ik 5 s 55 Bt LR)iRe| i i 55 ik

B KRB BB 55 - 5 1 - 55 O A AR
J B B A I R I S A, B T EE R R R
T 7K A SR, 2020 4E Wt I 55 5l T AR A
2015 49 /0 12.93%, {H7= AL L 2015 4F F %
421%, FRFE A= OB 4 E K, nz
FRIH A RO, AR A S A T s
EARTECT . FE 2011—2021 4F, BRI, .
YLV L RN R IR K IR FE A HE A S 2 5% 7
RS E CRBRDSI M N £, B TFREm,
VLU S8 B AT UK AR B LTS KRB N
T, LU R T A HE O Y K R
KN EBZTE—2 ., UUBIpI ], H
ARSI BRI B (2001—2015 4F) FEA
“i 77 GRS B (2016—2020 4F), IR/K i
A BEIRAT R GE b, PR BRI VT IR K SR AR A 4
TSP kR 2011—2021 4E, 1P IRK
FRBERRHE RIS 20 7 AR 56 22 2 B 55 5 44 -
558 JI8 - £ M- 553 B B - 1 I £ R D Sl A
BT, WHHMG XRRARE, X7
Al 5 LU VG il & RS/ | th 3 % 5 A7 BH LA R
SeiF AR R 1B R A C, Kby
e IR A AR A A
OVETBHLIX PG X A IR K 25w HE i

552 BRI 5 B8 £ st FR B & 06 R 45 SR L
6, HTRIEARR, R RM D80 5.
2011—2021 4%, MU, T, BEPGIRKFRFH
HEi 5 4 0 Z B HE G ¢ R BRI T 55 144
J& TR E Y, LUK HOR B i HE R T
R, HHARSFAARIAAE, ik, &
IRTE 2011—2020 4F 1Y FE G 5C 2 2 B 55 )1 54 - 0%
I8 - 553 JBE 0 ) PR 34, TTIAE 2021 4ERE A G
FOBAL R A, AT RE R R AE T IR K IR
Sz B BRG], E AN . AR, g
PAREER . RBAKAb 2R R, 1 A E PR K
FIAERAT B RIK . 2011—20214F, )™
POH% B IR XIR K SRR A HE S 28 5% =22 18] 1
B R FR Iy <553 00 g - O e - o 1R O 4 - 55 MO A -
Pk, JBTIOPAL, wTRERS VELE AR
DXXF F i Ak B A 285 5 el 28 T TR) 19 56 2R 1 R
HIff . 2011—2021 4F, =, 5. HZEH A
1A XIRK FEFE R HE S 257 Z MR G e R
A S B 553 O ) - ) i P 1/ 3R 55 A/ AR IR 4 -
AR, R THGER . =i EASE
UG IRAR S, KRR G K, ZFEIRKiE
Rl G & R, A T KR SRR Y SRR A
P TR EG Ty, WS T A Rk s
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F o PERHUBECRIK FRFEML i £ 3R MR B
Tab. 6 Decoupling elasticity index of freshwater aquaculture in western China

proﬁﬁiﬁiﬁm 2011 2012 2014 2015 2017 2018 2020 2021
Wl HRX 0.12 -0.06 0.32 -0.75 0.44 -7.65 -9.10 -0.11
Inner Mongolia Autonomous Region S b 55 i) ML FEIRES AN SRR SR
JUPRHR AR X 0.06 0.12 0.79 —0.04 0.08 0.15 -0.03 1.25
Guangxi Zhuang Autonomous Region  S5/i# 554 BEYiRea) TR S9N BEYiRea) 4R I TS i
HR 0.07 0.29 0.41 0.30 0.19 0.04 0.06 -1.54
Chongging Bk FEks )il Hhi FEke sl 5] R I YR ]
)i 0.07 0.29 0.60 0.30 0.27 0.33 0.02 0.08
Sichuan 9liE SIME S]] 9l S9Mie S]] 9l S9Mie
M 0.13 -1.01 -0.10 0.07 -1.87 1.33 0.10 0.20
Guizhou =i mske SR 9l AR PukiES S S
= 0.10 0.39 0.76 0.39 0.07 -8.63 —0.46 —0.40
Yunnan Bk FEks )il Hhi FEke Ay SR SR
B 0.03 -0.01 -0.15 -3.22 —667.80 361.10 0.32 0.02
Shaanxi g9l SR i) HbLE SR yooktkEst S @S
Hw 0.12 0.55 1.41 0.12 0.62 -0.30 —0.24 -0.58
Gansu ke Sl Tk FkE IR S M SRS
Hifg 0.00 0.18 0.00 -0.01 0.00 0.00 0.00 20.88
Qinghai Bk FEks ikl SEELE Sl R g9lisy Pkt
TREHARX 0.07 -2.12 0.14 0.21 -0.03 1.79 0.03 0.09
Ningxia Hui Autonomous Region Ssy AN S9N S R RN MM HIRE
PR T RBERX —0.06 -0.02 —0.06 0.23 -0.31 1.43 -0.08 0.04
Xinjiang Uygur Autonomous Region B R IR SN S9N SRR RN M HIRE

TR UE A S e B RN & B, SR+ =
W K ¥ R H SR fa i A S Rk, IR HF
ASMSE, R RN, AR T 4
Aol IS & AR, 2011—2021 4,
HR . TR A G XA s 4E 5 R H IR Xk
IKFEFERRHE S 28055 Z M A F A OC R 2 L
55 0 B8 - 5K A/ B A - IR A AR 55 -
s P IR B A, R T RIR AR R,
A GE i R AE T X 2848 AT BUX AT 8 TR &
A E T = W 3 N Vs L 5T = NN 0L < |
HARR | PR AN AN R FEUE L
s T

BHEE LR S R R =

5L IR A i RS AR B IR K SR B s HE RN
GV B ZEM RS R, IR R
AL N FEDLS], B, 12 ] LMDI B 55
i3 EIR K FRIERCHE IR S R, 45K 2 sk
(B S HRas SR LR 7, A E B s Lk 8.
2 7 455 AT, 2011—2021 43R FEIR K

2.2

FEAA CHE A REUR R 105.75 J7 t, FEA AL
o g 1R EE AR R 72 AR i i HE il R AR AR
w3 —2146.74 J71 F1—447.37 1 t, XK
R A R HE B T R, HLrp AR PR
OK Bl PR 2% 1 LR 42.2%, % AR R HE ik 1 B
Bk F 5 5 82.8%, J& L sh W HE R e R 4
T 772 M 235 ) R0 285 5 i B8 455007 ) IR 0 T ke HE
i SRR BT 5 751.39 JT 1 1736.98
Jit, UABHRCPIAS R B ik HE R G 1, Hodp
TEFT AT BR B R 28 rh 2e 5 i B2 o e 34.2%, XT3
s HE B DR R IR B 69.8%, PRI L 48 T ik
SEORHERL T E IR s &K

A FERCR RN 5 B 77 5 BE A il e HE R (% 7,
#£8), LR GWHEF MR -, Hgrm
BORIE DO AR IHE , T RE IR R E T )
Bl 2 A PR | s e R A PR R
S I RAR AR B 4 R B R A O SOk
AR, IR R AR HE R . 55 2h 15 B it
b Z ol Ml N 53 A HLECS I S f (e, 1A
57 811 J7 98 BE XA HE O 8500, X AT HES Mk
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=7 2011—2021 F5% 7k FeE A R HERL & IR 50 (B & SRRk &

Tab.7 Contributions of driving factors of

carbon emissions in freshwater aquaculture from 2011 to 2021

ﬁzf ABI/Fit  ABy/Fit  ABs/Fit  ABs/Fit  AC/Tit
2011 -751.65  554.96 202.03  —19.96 75.38
2012 -171.86  -8.21 229.09 —4.49 44.53
2013 -152.09  23.66 168.13  —18.88 20.82
2014 7712 18.23 110.64  —22.51 29.24
2015 -167.79  58.40 167.76  —45.59 12.78
2016 27422 -29.43 81.54  —30.63 —252.74
2017 -60.41  —70.87 13472 —61.34  —57.90
2018 -178.84  72.04 62.11  —4580  —90.49
2019 244 2122 16776 —90.86 53.24
2020 27947 7528 291.17  —88.18 -1.19
2021 -30.86  78.55 3204  -19.15 60.57
DTk —2146.74 75139 173698 —44737 -105.75
score

i /% 422 14.8 342 8.8
percentage

*®8 BRFERBREBMEIER DR
Tab.8 Decomposition of decoupling elasticity index of

each driving factor

PP S T T TP
carbon . . -

car cmission industrial  economic labor

y . . structure strength intensity

Intensity

2011—2012 —-0.745 9 0.550 7 0.289 8 -0.019 8
2012—2013 -0.761 0 -0.036 3 1.014 4 -0.0199
2013—2014 -0.847 6 0.1319 0.9370 -0.1052
2014—2015 -0.711 8 0.168 2 1.0211 -0.207 7
2015—2016 -0.892 8 03107 0.892 6 -0.242 6
2016—2017  —11.9242 -1.2796 3.5456 -1.3319
2017—2018 -23.7058  —27.8138  52.868 2 —24.070 7
2018—2019 -1.9240 0.775 1 0.668 2 -0.492 7
2019—2020 —-0.043 7 -0.3810 30111 -1.6309
2020—2021 -0.927 1 0.249 8 0.966 0 -0.292 5

N BB SO R AR BT E 1 25255 R
OB THAH G 2R i R A I 4 B 2 O TR HL,
28 5 5 P 0 1 1% 240 ) L B A O T ke ATk
MZETE™ I Z MR B (R 8), RIZ TR
JE X B HE RICHE A BLAT 9 IE ARV, 22 5F R Kk
SRR HE O A PRET R R o A
MR PR EIE O B, WA EIRE, ™~
b S5 SO HE B e HERCE N, (E RS B HE Y

BN HATEE o

31 AENR, MXEEUREMEZRL DS

3BT IR 7K 32 A ik HE A A fb ke & B
2011—2021 4F 4 [EIR K 57 FE fc HE i Se v K 1
TREFG G288 ETE, 7E 2016 4ERRFHEBUA B
2017—20194 kR R TR .

AW i) 2011—2021 4F3R K F A HE
WS AT ARG R E PG . A |
Pk = MARPRE, A RSB ERER
o 2011—2019 4, FREIR K FRFH MY M 55 M 44
] i 24 ) BRAECIR S L UE L R Tl
2019—20214F, IR/KFEFHF G R AP oK%+
BRI, FARASAR LR, Ul B 7E L[]
HEBRFRRZNEE

X B @ FR 84548 FATBUX IR K TR
WRHERC S 220 7 th Z MR A IR A R R,
WA RRSNLUF U2, e, osefil |
BAEL PR, ORI EG LR EFK
K, BCERERBUIL S AR, HREITHR
ATV, bt 3 B a4 i A A vl BB AL
PrfEfb R Al G C R LIS, =wiRAR R L
KU, LT R AR, WALA A8 T
ERERE, AR EEES EALESBRE . Ik
e sREEETRY | SIATEE AL SRS TR R AR S
ST ANE TR AR, L, WAL A SRS
KA, R 78 A H HAL
oK Z ™ Eis g, FEOGRAG CRARE.
QLI R A MGER | e o
Jr BURRR S, TR A MRS Tl RLR i R
el FRC IV . LR R R R AR AR
= IR FRIFAER, MEXARNE,
@V ERH X F e AU AAR A R R AU, EER
B VG A i A ELAR R R, B TR R,
HERGTFANAREZS R, SEER AR A .
MRS AR X R, X PATE X
FR A 2 e B BRI DR M ) BT A S T
H ORI A AL & BB . )T B
R AERLETFIA LR NTTFH, BARGE,
AR H A . T E % [ A KO s R
HIAR X, Wik AT X ol 27 A & S A
g, SEHATATRIEANTNE,
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PR P RCRRTE IR AT
AL E I, P BORR R
BOBHEN BB 5 22 AR AL
BBHEELAT SO0, 289 3 S EHE O
YK

3.2 BUEREW

ET U ERBIREE, S8 RKIRFE R
R SEPRARBL , o T e bR K SR Bl 52 BEAT
ROecHE FAR, $2 1 U L.

— IR TR TNV AR 2R 7R
FEWZERMTUZ BT, REESZ Rk
MUEESE TR A, EBHIR R, WA
il 29 HAT (2 SRR R | A AR A RS Bl R A
o R, T B X 19 K 37 Ml A s HE B AH O
BRI R HE MRS % e Ik, REF
Jig b EROK FRFEL “THNEUR A R, “1748
1 S 41 Bl T R IR A SR BRI Y RE DA . AR 2R (B
Fe R R R ZZBOR T 56, “N7 I SR IR K IR FH
MBI HE ST S5 Y N A BCEBUOR,, X8 58 0L
MERA . WA BB RB . NI ERERR
AT R sl RE IROK IR AR ML e HE R BOR, A%
A AT B DX DRl ) 38 B D b AR A
Jit, 308 3k A AL A S R A o R AR A HE T 5
HESLARBR U 7R YLD, N RAR IR B AR Y BF K
B, HE)TRIB AT RESRIE L . BT IR AN
RGFSHE B s ISR EBUET . BHIFBE TR
Ak Z [ i 2 J7 S VEPLH, S BHITHLR Fl 4
W RARBRAH ST H , IREA BERFE AL 5
P WO A SIBERIE IR B, S il A
A5 R RR R UM RE K-

TR T T RCRIE N B IR OK IR E R HE L
W) EEMEIN R, R SRR, 2w
RERASCR . FRIE B REWAT LI FEME e . AL %5
— KRB, — 5w, AR R SR AR
AL G — U RETR RO BRHEL LL ], DA 42 5 BE IR
MR S—Jrm, I R e IR Y
AP A ARBR AE R, MRSk ik R AR — U RE IR
TR BRHE S YA, AR IR 7K SR E AT )
BB R EEA IR K TR G . LIS
TR L BOKMIE IR/ XA R AFROR , ik LE 4
A A I HE RS ) 1 AR, (H i TR
AR RAS 1 v S R, ARG A SR R 583

=R LEE R, IF A I T AE

W BEFERMT, INIRIROK IR B b 45 Fa 2= 1
BRI, R RT & B L 254 | fffe it
POlAR RS A 7 R T 2 IR K SR AR 7 Ml
N o A R = X (B Ao N E S A
U5 REE Al S R R R LA S
SE AR, L) DR g AR R A 7l B A AR A e
B B R ROKF 2 S EmR A CE I, (HZ5F
e R SSNE [) B A — AR XTI 81, 4% iy DX AR
PR BT R RISy, TR IFHET I REUR,
DL BRI 22 5F (Rl b i i o 80 ek -
B0 ey 1A L DR IR AR BR B AR BRI A 1 B, I
AR IR FE R, fe 4548 G047 B X Z (] (4 Bp[R]
K.
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Decoupling relationship and driving factors between carbon emissions and
economic growth in China's freshwater aquaculture industry:
based on Tapio decoupling and LMDI model

WU Dagqing **, LIU Lichen "
1. School of Economics and Management, Shanghai Ocean University, Shanghai 201306, China;
2. Strategic Research and Development Center of China Fisheries, Shanghai Ocean University, Shanghai 201306, China

Abstract: A series of chain reactions, such as global warming, rising sea levels, endangered species, and oxygen depletion,
have caused serious damage to ecosystems and posed tremendous challenges to the survival of humans and other living organ-
isms. Consequently, the task of reducing global carbon emissions has become imperative and urgent. In response, China
demonstrated its firm determination in 2020 by committing to achieve carbon peak by 2030 and carbon neutrality by 2060. As
climate change and environmental pollution issues become increasingly prominent, the need for China to reduce carbon emis-
sions and achieve low-carbon, green, and sustainable development has become more critical. Freshwater aquaculture, as an
important production activity, has attracted widespread attention due to its carbon emissions. Under the influence of scientific
and technological progress and policy guidance, China has begun to explore a decoupling path for the freshwater aquaculture
industry, aiming to separate economic growth from carbon emissions and seek a sustainable development model. To promote
the absolute decoupling of carbon emissions and economic growth in freshwater aquaculture, this paper employs the decoup-
ling model and Logarithmic Mean Divisia Index (LMDI) decomposition model. It calculates the decoupling index of freshwa-
ter aquaculture carbon emissions and economic growth in China from 2011 to 2021 at both the national and regional levels. The
study also analyzes the underlying reasons for the decoupling status among different provinces and explores the driving factors
of this decoupling state. The results showed that: ) At the macro level, freshwater aquaculture carbon emission in China exhib-
ited an initial increase, followed by a decrease, and then an increase again during the study period. The coupling relationship
between carbon emissions and economic growth in freshwater aquaculture remained relatively stable. @ At the regional level,
the coupling relationship was categorized into four types, with significant differences observed among provinces. @) In terms of
influencing factors, production efficiency and labor intensity had a positive effect on reducing carbon emissions in freshwater
aquaculture, while economic development intensity and industrial structure contributed to increased carbon emissions. The
research also found that the coupling relationship between freshwater aquaculture carbon emissions and economic growth was
unbalanced. Economic intensity is the primary driver of increased carbon emissions, and improving production efficiency and
labor intensity can help enhance its coupling relationship. This paper provides a basis and reference for the formulating carbon
emission reduction policies in freshwater aquaculture. It holds significant practical importance for promoting the coordinated
development of freshwater aquaculture ecology and economy, accelerating industrial transformation, and contributing to the
achievement of China's "dual carbon" goals.
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