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Abstract: The study of the carrying capacity of China’s marine composite system is of great significance to the development
of marine standardization. Based on the Environmental Kuznets Curve ( EKC) hypothesis, the use of variable fuzzy
identification algorithms, combined with relevant research to construct a carrying capacity index and evaluation system to
evaluate the carrying capacity of China’s marine environmental resource and economic system from 2006 to 2014. The
coordinated development model measures the coordinated development of the carrying capacity of the composite system.
Finally, we used gray relational analysis to measure the factors influencing the carrying capacity in order to provide a
reference for the sustainable development of the marine composite system in China. The results of the study indicate that:
(1) the time series of China’s marine composite system’s carrying capacity shows an increasing trend; the carrying
capacities of Tianjin, Shanghai, and Hainan, the pattern of the “three pillars” in the north and south, are higher in space
than other locations, but the carrying capacities of Hebei and Guangxi are relatively low; (2) the coordinated development
of the carrying capacity also showed positive development, but the differences among regions were large, with higher

coordinations in Hainan, Shandong, Shanghai and Tianjin than other locations.The development of most other regions needs
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to be improved. (3) The scale of the marine economy and industrial structure, environmental governance, and richness of

resources affect the changes in carrying capacity of the marine economy, environment, and resources.

Key Words: marine resource environment and economy; variable fuzzy recognition; carrying capacity; coordinated

development ; variation rules
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Table 1 Indicator system of carrying capacity of marine resource environment and economy

AHP LIRS

42 e 2 HibRE CERAE)  (RWRE) e nl
System layer Criterion layer  Basic index layer Subjective Objective Combined
weight weight weight
WTER RS MRRATTREL  THREHL IPR5 (H 5 GDP Y L J1/% 0.0678 0.0448 0.0563
Marine economic MRS B 12/ (1278 /km) 0.0622 0.0381 0.0502
system NG HEZ T8 13/ (J1 78/ N) 0.0591 0.0381 0.0486
Lk MR T B (I N 14/ % 0.0456 0.0346 0.0401
LU TS =l L J5/ % 0.0241 0.0381 0.0311
TR ™l L J6/ % 0.0141 0.0433 0.0287
RIS AR Z Y 17/ (5T N) 0.0263 0.0402 0.0333
TETERMITRE 7 J8 (L4010 —1k 1) 0.0307 0.0376 0.0342
ESESTSEN TR HE Tk K EHEARE & H1/ (7 t) 0.0591 0.0402 0.0497
Marine environment fh2Ems A HEBUR i H2/ (7 1) 0.0497 0.0477 0.0487
system AH R H3/ (T t) 0.0473 0.0458 0.0465
5 YR Tl K KR HERCR He/ % 0.0433 0.0387 0.0410
Tob KA EEE S HS/ (B VE) 0.0397 0.0397 0.0397
AR 7512545 R % H6/ % 0.0364 0.0394 0.0379
5 YL 1 X TS e E A H7/km? 0.0180 0.0399 0.0289
78R die YT GDP HLTE H8/ % 0.0364 0.0391 0.0378
BHERIERS M R AR Z1/(m/N) 0.0606 0.0473 0.0539
Marine resource AR IE A 22/ (m?/ ) 0.0327 0.0408 0.0368
system ol 7R BN SR AR P R 23/ (U7 t/hm?) 0.0354 0.0334 0.0344
NIHEIR = i 74/ (kg/ M) 0.0260 0.0356 0.0308
KR EE 1AL Z5/hm? 0.0281 0.0361 0.0321
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System layer Criterion layer Basic index layer Subjective Objective .
. . weight
weight weight
Y W e O PR i 26/ (T RRUERS) 0.0544 0.0434 0.0489
B HER NI R = 4 27/ (v ) 0.0354 0.0387 0.0370
NIPERR S 1 78/ (m®/ N) 0.0327 0.0365 0.0346
kB N EE =8 729/ (v N) 0.0248 0.0428 0.0338

2.2 PR BRI

Bl I E 7 AR R R BB TSR 8 . A - oA g e A (W-F) S 10 B 5 1y I 22 ]
B SCR fazn TR TRONAE e th BB R BUE R . SIA W-F EH, R (1) KX (2) IFZ
FINAER R NRRFSE % v B BRI B2 U 25 R BRI TR BT 4 R, 3T 43 AR bR A

2,
x2 BERBEREZFTENRE
Table 2 Evaluation criteria for marine resource environment and economy
\ e s —4 = Y Pz Ttk
o TR W Gmwkwn  GbRRN)  CPRRRN)  GRERR)  (BIGRRD)
First lever Second lever Third lever Forth lever Fifth lever
BERT RS I IE >26 17.2—26 11.4—17.2 7.6—11.4 <1.6
Marine economic 12 iE >13.4 4.6—13.4 1.6—4.6 0.6—1.6 <0.6
system 13 ik >30000 20000—30000 12000—20000 8000—12000 <8000
J4 iE >24 16—24 9—16 0—9 <0
15 iE 54—64 47—54 41—47 36—41 3136
J6 i 36—41 41—47 47—53 53—61 61—69
17 iE >860 344—860 138—344 55—138 0—55
18 ik 0.597—1 0.356—0.597 0.212—0.356 0.126—0.212 0—0.126
IR AS H1 # 0—11 11—120 120—1250 1250—13350 >13350
Marine environment H2 i 9—17 1731 31—57 57—105 105—199
system H3 i 0.76—1.4 1.4—2.7 2.7—5.4 5.4—10.7 10.7—23.1
H4 iE 90—100 81—90 73—81 65—73 <65
H5 iE 3.09—5.83 1.67—3.9 0.9—1.67 0.48—0.9 0—0.48
H6 iE 84—100 72—84 61—72 52—61 44—52
H7 i 0—1 1—16 16—256 256—4092 >4092
H8 iE >2.05 1.4—2.05 0.95—1.4 0.65—0.95 0.44—0.65
HERRERS 71 iE 0.302—0.816 0.122—0.302 0.049—0.122 0.02—0.049 0.008—0.02
Marine resource 72 iE >18.3 3.3—18.3 0.6—3.3 0.11—0.6 0—0.11
system 73 iE 359—4920 26—359 226 0.14—2 0—0.14
74 iE 153—587 41—153 11—41 3—11 0—3
75 iE >24000 609—24000 15—609 0.4—15 0—0.4
76 iE 1536—4753 519—1536 175—519 59—175 20—59
77 iE 1785—29612 108—1785 6.5—108 0.4—6.5 0—0.4
78 iE 71.73—528.77 9.62—71.73 1.3—9.62 0.17—1.3 0—0.17
79 iE >680 60—680 5.3—60 0.5—5.3 0—0.5

MG 2 PR AR, 3 T AR BB AR f) B E | AR 4 R A R A R M R R B AR | R
MEAETH RS RIEAE 1—5 ZI), B e 7RI RN SOl PEN R W3 3.
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Table 3 Carrying capacity characteristic value evaluation result
AR FRAEAE T v B HREE IV b BRI B TR T e ARSIV E b

The carrying capacity

characteristic value

Standard for evaluation

of carrying capacity

The carrying capacity

characteristic value

Standard for evaluation

of carrying capacity

[1,1.5] AR (3,4) BARKEA
(1.5,2.5) =&Y [4,5] &)
[2.5,3] AR

3 HBREHW

3.1 P EIEEERIFEIRE 25 R G0RE T
311 PEIEVEE A RGURE T s s B

P EVTIRE 11 AT S IR A D HE Rk R 886 (2006—2014 41 ) 25 45 PR A AR A PT AR REOA  31
K (3) . 2N(4) ITERB A TR R 4 & 2, IR 4 450 R E & RGORE R R AR
b SRR BETHE RE TN B e gh B A, KRS 3 BB 5 — B (2006—2010 45) 7k £k 7 R
2.873 1S3 2.657 AR EFHEN 1.5% i B Bk T EVE A — 107 RIB B TR 28 0 A SR BT TR
FRIER PR A B 380 58 U5 R FH 50 25 4 v 5 28 B B (2011—2012 4F) 7k 2k J1 th 2.657 T R4 5] 2.88, 4F
BITNRER R 4.2% ,iX —Br B IEALT 2008 47 [ by 4 Al HLIY I RCVE FE 52 ma B B, IR H AR K E I &
IR AIMG R A RGURETI AT T 5 = BB (2013—2014 4) 7K £8 ) i 2.88 L F+#1] 2.703, 4F
¥ EFHRN 3.1% , FEBR 4G LG SOE R MR @i/ AR PRI AN B Ak 5 T4 &R T T Y AR, IF
BRIV TR IR (3R B B, (VR A R R 3 ) T ] R A7 Tl 2%

F4 RESEREREZFEERASARENBEE
Table 4 China 's marine resource environment and economy composite system carrying capacity characteristic value

B RO

Variable parameter\Year 2006 2007 2008 2009 2010 2011 2012 2013 2014
a=1,p=1 2.878 2.791 2.803 2.782 2.684 2.818 2.868 2.750 2.724
a=1,p=2 2.957 2.910 2.916 2.898 2.832 2.912 2.971 2.888 2.871
a=2,p=1 2.752 2.599 2.619 2.609 2.451 2.627 2.758 2.535 2.491
a=2,p=2 2.904 2.807 2.814 2.793 2.658 2.795 2.923 2.746 2.725

Zi4 Synthesis 2.873 2.777 2.788 2.770 2.657 2.788 2.880 2.730 2.703

HiPE 2 nT LA L, PR A G R GURE M 8] 5 8, A i = S AR R, ALK R
TR L RIS 3 MBI S B R RHIEE 5008 2.101 2,511 .2.344 , SRR T8 m R s 1K Kt
Je P G 5 e B IR Vi b XA ER R T R VR AR T, ELM AR, A
PRSI S A R R AU AL A M A S R BRI, 7R BRI R0 0] 0 3.240,3.263,
TACHRE B IR TR TR A IS IR Al L) B A2 i 30 il DX AR A0 ™ R 5 M 458 5 1 P TR AE 22 35 o LU AR S5 AR
RGBT R F W HRS IR 5 RGURE IR T SR K A& LG,
T L A 2 BT BRSSO A R

L R R X DAST A i DR 28071 SR BB sl b BT, 2006 AF b [ TR S A R EO K
B P AR BRI 3 4> 3 4.5 452010 AFAREC R AEKCFHBIX B 3 NN E] 6 A R KA
IRA LD HT 5 A3 2 A4S VT WL A 3 Ml ORIk 3 5 T, il AR & R 2 A K-
2014 AR R BT AR BROR BRI IX 00 2 A4~ 7 A 2 A, BRI GRS AT
Wi, IS PRI B 7 SRy v 2R3 A ) B 22 55 52 TR PR 2 B AR AR R WAL TRT N TP B RN 40 o5 A o A 2 o
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Fig.2 Spatial distribution of carrying capacity of marine resource environment and economy of China from 2006 to 2014
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A& 3 AT, o E PR AT R SR B I HE 2006—2014 4RI F AR AL S B sh b T, VRS TR S
Jith 3.14 EFEE] 2.49 3R E R ) & RIB LT IN A5 5 2011 AR A BRIk 8l , 32 3] 2008 4 [E PR 4 al e bl
Je A RE R, Vg 22 D R K P A A SR 2.5% , 73k T PR 2.69 TR 274, ZS A BRI R 3 4
i DRSS B AR KR AR EE 2 5 R 1.94 1,59 1.86, 3% =N HB X A HEPE L L RO, 5 3
THLIX & GDP (1) 1/4 5, NS5 GDP A2 o [ 1 I b DX A T =5 5 BRYTIb ) V8 LAAIMAY R 40l X0 v 25
T A3 AR K e B rh 357K F- s T JU AT P8 BV 22 BF AR 1 Ak T AR AR (B 530 R 3.79
4.05 , B R L b Z AR PR T R WL MERE GDP A5 3 5.7% M1 5.2% , NIVE GDP i HERMIF 5L
T3 A T T M DX S A

(2) WIS R G K E T hT

FH &1 4 AT 0 [ PR AR 2 2 AR U B AR AR AR, 2006—201 1 ARV R IR EE AR S RRIE(E R 2.52 Tt
1] 1.83,2006—2010 J& 1 EEE < —F07 BN B B VPR EE dE BUS RI20 Ak, (2 A 2011 4ELLS AR
B A R T i 1.83 TRER 2,78, v BEAE HH TR — 501 v R LRI T TR R R T
TR0 R R R T W TR PR AL 28 (B) b O EE 1 B P b i IR B 7R 8 ) 3 s , S 34 (B 20 31 1.87 Al 1.
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Fig.3 Dynamic change of carrying capacities of marine economy system in 11 provinces of China (from 2006 to 2014 )
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Fig.4 Dynamic change of carrying capacities of marine

environment system in 11 provinces of China ( from 2006 to 2014)
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Fig.6 Spatial and temporal distribution of carrying capacity coordination of marine resource environment and economy system in China

from 2006 to 2014
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Table 5 The result of coordinated development degree of marine resource environment and economy in China

Ny ﬁj\}fﬁf R W s B W weT @ Wk ;A P W
2006 0.4212 0.3193 0.3315 0.4171 0.3350 0.3372 0.3479 0.3616 0.3362 0.2821 0.4701
2007 0.4325 0.3321 0.3326 0.4315 0.3513 0.3631 0.3709 0.3852 0.3551 0.2885 0.4807
2008 0.4320 0.3314 0.3392 0.4205 0.3575 0.3777 0.3707 0.4001 0.3628 0.2839 0.4726
2009 0.4278 0.2880 0.3586 0.4249 0.3624 0.3512 0.3751 0.3790 0.3589 0.2928 0.4730
2010 0.4461 0.3201 0.3798 0.4253 0.3801 0.3628 0.3848 0.3928 0.3874 0.2999 0.5283
2011 0.4668 0.3334 0.4408 0.4538 0.4074 0.3938 0.4104 0.4369 0.3907 0.2962 0.5023
2012 0.4341 0.3196 0.3807 0.3910 0.3630 0.3479 0.3617 0.3876 0.3731 0.3040 0.4387
2013 0.4589 0.3263 0.3824 0.4219 0.3752 0.3584 0.3897 0.4272 0.3943 0.3189 0.4749
2014 0.4401 0.3423 0.3633 0.4147 0.3744 0.3533 0.3745 0.3863 0.3622 0.3296 0.4631

MFE 5 Hal DUF L T EVE RS IR IR 4 2 G R G MR & AR B R B DA B BN L B — BB A . L) T
M ORE BV 3 B IX AR R A PR & R R X, B R R R T T 0.4, 30X 3 N IX A
B ARG T VIR M DX AT =07 5 5 BB DA I AR R TIOR3 A X ORGSR DR R R TR 0.37—
0.39 2 [A] , 33 86 Ml X i 4 e B B A Fe i, AR 38 BT 1.319% ;58 = B6BA . DL“IL T T 4R WiV 3 M IX hy
oI, VMR SR BEFE 0.35—0.37 Z[a] ; S DU AR BA . A3 db 7 P B4~ X AR 3, Wb &% J B2 7E 0.32—0.35
Z (8], i T S WA B e B A R G R T I & R AR AN 2 SR L
3.3 P EERER RIS R GRS IR 3 R T

AR SR FH IR 8, DA 8 S a0 B 2 R 3l PR 2R B 7o s B T B AN PRI R AN 48 i e R
255 25 MEFMUA NI B R 9 MR ER  di Rk 6.

xo6 ERERTEEEEQRGERENKXKRES BRI NAIER

Table 6 Key factors of carrying capacity of marine resource environment and economy system

HX\FRGE 2B R 5E(0.725) T PEIR S A5 (0.579) PRI AR 5 (0.866)

Region \System Marine economic system Marine environment system Marine resource system
Kt J1(0.783)  J6(0.769)  J8(0.728)  H6(0.776) H4(0.735) HB8(0.558)  73(0.657)  76(0.597)  Z1(0.569)
REle J6(0.855)  15(0.897)  J8(0.851) H4(0.900) H5(0.774) H6(0.759)  Z1(0.913)  76(0.912)  Z4(0.827)
Ly J1(0.822)  J5(0.763)  J6(0.736)  H4(0.855) HI(0.769) H6(0.686)  Z1(0.900)  Z4(0.709)  76(0.697)
ity J8(0.918)  J5(0.917)  J6(0.892)  H6(0.952) H4(0.928) H2(0.913) Z72(0.866)  79(0.824)  Z8(0.802)
L5 J5(0.904)  16(0.882)  J1(0.856) H6(0.931) HB8(0.916) H4(0.832) 76(0.948)  Z77(0.948)  78(0.948)
LRAN J5(0.822)  J8(0.768)  J6(0.731)  H6(0.873) H4(0.751) H5(0.613)  Z6(0.727)  Z7(0.727)  78(0.727)
frd J5(0.940)  J1(0.863)  J6(0.833) H6(0.850) H4(0.821) HS5(0.734) Z73(0.849) Z7(0.840)  Z8(0.840)
IR J5(0.905)  J1(0.879)  J6(0.863) H8(0.892) H6(0.881) H4(0.880) Z3(0.868)  Z6(0.860)  Z1(0.850)
IR J5(0.900)  J6(0.877)  J1(0.875) H6(0.909) H4(0.889) HS5(0.688) Z75(0.867) 74(0.812)  73(0.812)
) J5(0.926)  J1(0.895)  J8(0.642) H8(0.801) H6(0.792) H4(0.778)  Z1(0.934)  76(0.934)  77(0.934)
i) J5(0.922)  J1(0.886)  J4(0.816) H4(0.887) H6(0.871) HS5(0.758) Z75(0.812)  76(0.822)  77(0.822)

TG SN AN AU (W2 1 HE0R)2) 36 5 PSR RN KRIR R B
G L 4 AR S RS SR B P A GDP LT K (1/3 38 (P RLIFSE )38 13-4 75 e e
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