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Abstract

In recent years, Guangxi has accelerated the development of marine economy, constantly pro-
moted the development of marine society, and at the same time protected the marine ecological
environment. Therefore, it is of great practical significance to study the coupling and coordinated
development of marine economy, society and ecosystem in Guangxi. Based on the panel data re-
lated to marine economy, society and ecological environment of Beihai, Qinzhou and Fangcheng-
gang in Guangxi Beibu Gulf Economic Zone from 2005 to 2021, this paper firstly constructs a com-
prehensive evaluation index system of marine economy, society and ecological environment of
Guangxi, and adopts entropy method and TOPSIS method to obtain its comprehensive evaluation
index. On this basis, the coupling coordination degree model is used to study the coupling and
coordination development of marine economy, society and ecosystem in Beibu Gulf of Guangxi.
The results showed that the comprehensive evaluation index of marine economy, society and eco-
system in Guangxi Beibu Gulf increased year by year, and the coupling coordination level between
the two and the three developed from low to moderate coordination to good coordination. Finally,
some policy suggestions are put forward.
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1. 51§

WHEESAGRIFFEENES RS, ERIFEES RS2 R LU R R RN =i
Wi R EE R, TR, IR ST AR S PR R R, OV IRIET RREUR R, DRI IR
SHEGE R ER . Bk, BT LS ERast. e BAESRGEME R Rt e st
e o B R R R L

RE B RMTERTE . A2 5ES RGP Z RIS U EEEEAT T TE, e e st St
ARG G 5T, FESE[L] (2021)EALIBFRA T ARG 52 RGN TR A R, Ie AU EE AR &
PR, WS TR TN IREL 0 TIBEEASE . A I KR AR S RERR A PR, A
TEME MR,

2 WA E XL 5SS RG B RS G PR R R I TT . RI[2] (2020)R ARG FERAL
RGO FERE R AT L IR A R e 0 SRS R G A & A FE AR AL S H AR AR, S5 RABL = H M A 1)
TR I BT PR3] (2022)38 i X Wi X IR 22 5 5 AR S R G IR L S L ]
RIATHIT, SR RIAETT TU A AR S PR EEACT 2T FEE % . X EHESE4] (2023)i FALEA
A R 2 SEAIE 3 AT 1 G AT e AL A A B S I PR R T v DR R A P R

SR, XA S AR RANE 0, DUGHRRELT . e, AS=F RS MRS R
WEFUAA B o A [5] (2013) by SRS & Pl FE RS GS 1L AR 48 13 SERIMEFR R 5 - Ay - SRS PR
BEATSEUE BT, 45 RO BRI SR J0A e m e A TARAL VM RBT B J7 (6] (2022)iz IS {EE . LR a1
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WAL R A DR RS W TR RS &5 2 RGNS AT RS, SRR
AV RIRECER RO SN LTSS, YA AW 8

WAk, VFZ 2 R RSE LA TOPSIS VLR RG4S PN AR R B ARAUE . 051H 15 BE WS IR KL
EIHBR MR ZR, TOPSIS VAR 2 WL Hh S B R G AR SS , B 3 25 Gl R TR LR B PN R R 4R bR
W 32 k. SHH[7] (2018)iz AL TOPSIS :Hfi & N E M LAWK &, FERFIRE AU
FERLRLN I 25 20 0% K e & XA B R AT I Fi . A R 4ES[8] (2022)i5 FH I E-TOPSIS A A bl 45
Ry BT Kb IR R e ST B AR G VR 2

ik — PR G (ETE . TOPSIS J7ik. FAE MR IS, A SO S0l T I Ab s e 400t
HE2E54BRGME AT RABEZ T ELE PR RITARACE9], FAIH TOPSIS 2
B IE FIRTEARALE[8], Wl B HY 2005~2021 ) PH AL B LA UF R4t A2 MRS RAR LGN TR EL(3].
FEMCEERG b, RIS GV BRI VARSI A0 b AR R AT 2] [4] [6], LA
AR XACFE LT 2 5ERREMEG M. W RERME—ENHIES%.

2. BIRNIR S HaFREE
2.1 WHEKIRSIEFRIEE

Table 1. Evaluation index system and index weight of coupling coordination degree of marine economy, society and eco-
system in Beibu Gulf of Guangxi

F 1 IIREACBEEFER. HE5ESRGEAMARTNIERERRIERE

HixE  #®UE 1N = iRt WERE L TOPSIS L&

A= A (x1) NAEEE D 0.2571 0.2672

HRE TR (X2) NSGIE =LA 0.1938 0.1786

2 56 RGHE 1 B AR 5 (x3) NAEEE D 0.2156 0.1824

R4 K i o i & (x4) NRGIEEL A 0.1576 0.1813

7KiZ 5% & (X5) NAEEE ) 0.1759 0.1906

WA BN 2 3 H (y1) NAGEETA 0.0777 0.0897

AN 1% FE (y2) AR =g 0.0391 0.0513

gE%EIZ W R AT SRS (y3) NAGEEE 0.0766 0.0848

SR RO (y4) NAGEEE 0.1431 0.1202

i e BET DA HLRIPR B2 (y5) NAGEEIT 0.0991 0.0870

AR I YNCTY el 0.0088 0.0954

AZ Hh X A = BB (y7) NAEEEY D 0.0952 0.0953

i}ﬁ;% H—7= i (y8) NAGEE 7 0.0919 0.0842

A @Z % =k (y9) haGE 0.0903 0.0995

==k (y10) NAEEEY 0.1036 0.1013

A1) GDP (y11) NAEEE D 0.0847 0.0913

— P ol [ A R A 25 R F 2R (21) NAEEEY 0.0773 0.1047

AR FEIK i (22) NAEEEE D 0.2006 0.1727

B 15K AEHE IR (23) ULEiE 7 0.1603 0.1706

TGKAC R SR b FE e 71 (24) NAGEER 0.3617 0.3522

157K AbF B (25) NAGECT 0.2000 0.1998
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AICLL 2005~2021 4R PYALERVEALEE . BN BRI A e AR R R fE b B Sk
WEAHTAT R, M T T HILEIR AT HRMAESRASZEMERER, Wk 1. Hhigrast
AR GIFEARRIE T SCHR[3] [9] [10] [11], pifat & R G MR RIE TSR] [5] [9] [12], VARGIFEAEAS R
LI FEAR IR T SCHR[2] [4] [13] [14]. Fr BdE2RIET O PagiihE%) ChigFEE) (BUNEE) (B
W) CPEBMSIHES) o FERASEIETIS S RREAE, FIH] TOPSIS X (E A E it
ITIELE, SRNE 1.

2.2. ZATVHIER

A1z R E-TOPSIS #AU[7] [8JIN5 i 2005~2021 4E T P ALV ALHE BRI 30 [ I 28 5
HEMES RGN GG MRS, BAAS R 2, HARKES WA 1.
Table 2. Comprehensive evaluation index of marine economy-society-ecosystem in Beibu Gulf of Guangxi
2. TRALEEERN - R - ETRGFEETNER
BHAT RGN TR S B RGSE TN RS BHAESRGGE TN RS
g M B s g M B b M Bk
2005 0.0412 0.0695 0.0127 0.0905 0.1052 0.2163 0.2291 0.1751 0.3488
2006 0.0671 0.0823 0.0793 0.1044 0.1066 0.2115 0.4819 0.1894 0.3104
2007 0.1136 0.1560 0.1635 0.1231 0.2114 0.2472 0.4148 0.1933 0.3464
2008 0.0840 0.1848 0.2793 0.1570 0.2251 0.2683 0.6763 0.4017 0.3901

Fh

2009 0.1848 0.1962 0.2527 0.1934 0.1798 0.2852 0.2989 0.2161 0.248
2010 0.2521 0.3166 0.3560 0.2169 0.2175 0.3210 0.3534 0.1853 0.2544
2011 0.3527 0.3993 0.4511 0.2947 0.2650 0.3805 0.2879 0.2384 0.2923

2012 0.4210 0.5587 0.6527 0.3679 0.3952 0.4090 0.4858 0.3301 0.3585
2013 0.4926 0.5869 0.5439 0.4238 0.4043 0.4548 0.5636 0.6989 0.3244
2014 0.4698 0.5774 0.5735 0.4827 0.4526 0.4919 0.7199 0.6832 0.4608

2015 0.5030 0.6212 0.5930 0.5189 0.4902 0.5271 0.6305 0.6883 0.2989
2016 0.5721 0.6862 0.6482 0.5888 0.5368 0.5562 0.5787 0.8236 0.3294
2017 0.6558 0.7428 0.7082 0.6719 0.6181 0.6054 0.6350 0.7909 0.3679
2018 0.7442 0.8079 0.7816 0.7337 0.6869 0.6297 0.5277 0.6286 0.5728
2019 0.7786 0.8731 0.8229 0.8254 0.7602 0.6585 0.5058 0.6421 0.6045
2020 0.8074 0.9272 0.8806 0.7896 0.7653 0.7695 0.6143 0.6802 0.7507
2021 1.000 1.000 1.000 0.9025 0.8773 0.8858 0.5977 0.7108 0.6833

7 2 afLURIL, TGRS . e KRR ATFMTREU N B HIsEUE ik, Wi
B RBRG AN TR BRI SR, HEARRION TS . 2005~2021 4, Jbig. BN, Bkt
(IHEPEL T A TP R B0 5 0.0412, 0.0695. 0.0127 #&a % 1 /K, P PHIL B P4 b I
TE ) RO 5 o B R R I H AR IE . 3256 PR Fe B ek = 2R 4 I o B 38 0.5176. 4]/ 0.5168. b
¥ 0.4435, YLHH)PEALEB AT X A, B AR R 22 5 R AR LT

2005~2021 4, dbifg. M. Bt i 2 RA LA RS B 0.09053. 0.1052. 0.216 $2
% 0.9025. 0.8773. 0.8858, H- FIAZE& 1T HREh & 2K 3l B s 0.4658. Jbifg 0.4403. XM
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0.4292, fE— @R EUill 1T Pa AL B X i v SR N T R R A RO R Tilgvett kg, e 1l
AL G

[F, AGHE M B AE S SRS PP Fa B2 il i 0.2291. 0.1751. 0.3488 #i2fm £ 0.5977.
0.7108. 0.6833, H-F-¥yZiavhAhdia st m 21K 730 yAbifs 0.5060. XM 0.4868. Fijniik 0.4083, fE—E
FREE LSRR PGS AR S RGAEAWT 68 . ST, 2021 4F, LI Bisis TS K SEHERCE 231l LG 2020
EREIN T 249 JNl, 96 JIMl, BT AR A IAEEAT) 52 BIAR KR L IS

2 BRI, 2010~2021 4, JUUHALEVEIGEL BRI 2 RALE AN FR BUR AL J5 1A R BN R
FARAY, WAL R AN A TR R IR E TR I, 7890 RIEIRA F &l RIS, MY
AU E BT R R, ] DR R A 2 R0aE . 2020 4F,  AGIRERT B SR S i vE IR T R R A
BRI TR ATE IR, JRiRE VI AL EE, AR RN e A A IR R TV AR R,
R ESRALGA N IRECE AT N GONWBEARE, R &R IEEET 5t atm kB E N
s IEIRS, HEAEAER R RGP TR A 25 =K

Jeifs =g =R
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Figure 1. Bar chart of Comprehensive evaluation index of marine economy-society-ecosystem in Beibu Gulf of Guangxi
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B 1 A%, 2005~2021 4E, JUAALEEIE AT 542 RGN R U R R I ETHE . 1
], WAL AP IR B S I S G A TP TR B T B i 1 R b . & 2021 4, T P ALERE ki
BN BB ISR G PPN R B AR . T VEALESE AR S RS 2005 AEFFARSEIE ) BT, 2008 4EK
W TR, BEJE ISR t, #2012 4EHuE ETF, 2013~2018 4EiAH| T 8K V. TTREm T PaAL s
PG RIAE S PO A W TR R o B IR R BT R R, 2018~2019 4 FUilgFRA S RG LAV TR L
BT R B, A TR Ko AT 2R e R, BRI YRR R SRR R IE D, IR AR
BASH T HIREE, 2020 ) PEIETEAS RA LAV TR ECE FTiE A, 2021 SRRV T RE, (HEAIAL
TER K

23. BEEE

231 BEEABREFR
AT IS AR A bR P R[G5t 2005~2021 £ PUAL BRI HEVELHr . Mo 5SS RGN 2 8.
=FHZ ARSI, W#E 3.

Table 3. The coupling coordination degree of marine economy-society-ecosystem in Beibu Gulf of Guangxi
3. ITHEALSEEERN - R - EERGRENAE

B - ARG B - EERS WE-ABRG BV -ME - ABRS
i A AT HAT A

el goM BERdE dbE gOM BB dbE goM PR dWE BOM BER
2005 0.1747 02068 0.1619 0.2204 0.2349 0.1824 0.2683 0.2605 03706 0.1778 0.1902 0.1813

2006 0.2046 0.2164 0.2545 0.2999 0.2499 0.2801 0.3349 0.2665 0.3579 0.2236 0.1987 0.2404
2007 0.2432 0.3013 0.3170 0.3294 0.2947 0.345 0.3361 0.3179 0.3825 0.2447 0.2486 0.2834
2008 0.2396 0.3193 0.3700 0.3452 0.3691 0.4063 0.4036 0.3878 0.4022 0.2629 0.2919 0.3204
2009 0.3075 0.3064 0.3664 0.3428 0.3209 0.3538 0.3467 0.3139 0.3647 0.2709 0.2561 0.2952
2010 0.3419 0.3622 0.4111 0.3863 0.3480 0.3879 0.3721 0.3168 0.3780 0.2991 0.2791 0.3201
2011 0.4015 0.4033 0.4551 0.3992 0.3928 0.4261 0.3816 0.3545 0.4083 0.3217 0.3127 0.3506
2012 0.4436 0.4847 0.5083 0.4755 0.4634 0.4918 0.4598 0.4250 0.4376 0.3751 0.3731 0.3905
2013 04780 0.4935 0.4987 0.5133 0.5659 0.4583 0.4943 0.5155 0.4382 0.4042 0.4279 0.3792
2014 0.4880 0.5056 0.5153 0.5392 0.5604 0.5070 0.5429 0.5273 0.4879 0.4268 0.4332 0.4109
2015 0.5054 0.5253 0.5287 0.5306 0.5718 0.4588 0.5348 0.5389 0.4455 0.4274 0.4450 0.3889
2016  0.5387 0.5509 0.5479 0.5364 0.6131 0.4807 0.5402 0.5766 0.4626 0.4396 0.4733 0.4048
2017 05761 0.5821 0.5722 0.5680 0.6191 0.5052 0.5715 0.5913 0.4858 0.4669 0.4877 0.4244
2018 0.6078 0.6103 0.5923 0.5598 0.5969 0.5784 0.5578 0.5732 0.5480 0.4692 0.4844 0.4675
2019 0.6331 0.6382 0.6067 0.5602 0.6119 0.5938 0.5684 0.5910 0.5617 0.4787 0.5008 0.4794
2020 0.6318 0.649 0.6416 0.5934 0.6301 0.6376 0.5901 0.6006 0.6165 0.4938 0.5113 0.5158
2021 0.6892 0.6843 0.6860 0.6217 0.6493 0.6429 0.6060 0.6284 0.6237 0.5209 0.5336 0.5310

AR S W EE RN, AR ATE . SRS RG-S R 4 NMEEH[15] [16] [17],
W 4,
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Table 4. Coupling coordination hierarchy
= 4 BEMBEFRX S

MEIHE HEMHESER RFAIE

0<D<03 (SESINE WG AR REAKTAR, EEMBARZ B0
03<D<05 SERUNG] AT e tlE R, EEMIER M
05<D<0.8 RAF ¥ M WPERT LR RRZRIRIL), BREASHEL, JHRR LA
0.8<D<10 e 2 PR LU e S LE, AR

WRPE 3 ML 4, ARRTHALEEBIRFELG . e ESRE MMM ZIE. =& Z RSP
PRSIk 5 FiR.

Table 5. Level of coupling coordination degree of marine economy-society-ecosystem in Beibu Gulf of Guangxi

5. ITHEABEEELN - HE - ETRGBEMAEFR
Z% - RS g - LFRG e - EERG gU -1 - ESRG
E MEMAER MEMHER MEMIRSER MEMHER

dbis g B dbdE BN BB dbiE HoN Big dbilE BN BERS
2005  fiCE MR MR MR RE RE E ME bR RE E RE
2006 flPEOMRE MRE MRE O RE RE hE mE PR RE O RE RE
2007 fRFE bR P R B PR R PE PE O E E
2008 fiE b b hE R hE E PR hE E RE i
2009 o pEE cpE pE b b hE R PR RE RE RE
2010 g pE chE pE b b S P R RE RE iz
2011 R ohEE hE thE R R hE R R i i
2012 hpEE b RAF PE OhE hE dE PR hE hE hE i
2013t pE b REF R R HE R R hE hE iz
2014 hEE R R R RE  RE  RE R hE O hE hE R
2015 R4 R&F REF R RH PE R R PE OhE O hE hE
2016 R&F RiF  RiF R Ry HE O REF R HhE hE BE i
2017 R RiF  REF  REF Ry Ry R R HhE hE hE i
2018 Ry RiF  RiF R Ry Ry Ry R Ry hE OhE iz
2019  R&F R REF R R Ry Ry R Ry PE ORAE i
2020 R R R RE R REF R REF RE  $E REF R4
2021 R R R RE R REF R RE RiF  RIF R R4F

232 IHILBESFEF. HLEETRERRZENESHAERE
MG 3, W) UL BTSN e BAES RGP AR PR A &, W 2.
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Figure 2. Variation trend of the coupling coordination degree of marine economy-society-

ecological system in Beibu Gulf of Guangxi
2. TAEILEEESFEREFN - HS - EEABARBANBAET LB

HE 2 K5 EH, 2005~2021 4F, J PAGIEEFEAT . L2 S5EE RGP RIS G PR B R
ERigIES . ALEEFEAT 5 RGE RS VRE H 0.1747 354 0.6892; AT SER RS
B] BRI & WM EE B 0.2204 3G N4 0.6217, W+ 54 RS RIAAR-& WAL 0.2683 3 0 %2 0.6060,
NG VR FE X AR BE PR R S A R AP P i . RN TF 542 RS M AR G VR EE i 0.2068 1§ %
0.6843, FVELUF 54 RGIAIMAE AP B 0.2349 BIINZE 0.6493, et o 54 RS E KRS T
VHEE HH 0.2605 3 h0 248 0.6284, FH-A W EESS HAREE M &K R R R B Wil o B IS 2 0 5 4k 2 RG]
FIRA A PR B R 0.1619 B NZ 0.6860, WFEATT AR KRG IR G A i 0.1824 B4 /% 0.6429, i
PEAL 22 5425 R GE AN RS A 10 B2 H1 0.3706 1902 0.6237,  H 1A 155 1 rh R 2 i % e B IR 3 T
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Horb, WpREATH S KRG E AL SRS R GRS VIR 2 ST I 2 SR bR K3 1 459 9 7
B, A2 SES ARG G ST R I 2 B -

S R s i
[ 651 & g5l
2010 2021
7 0.3419 0 0.6843
[0 0. 3420 - 0. 3622 @ [0 0. 6844 — 0. 6860 @

B 0. 3623 - 0. 4111 . B 0.6861 - 0. 6892 .
e PR T R B s B nT AL T & R 8k S 9 GS 57(2022)1061 5 bRk EIFIE, R EITEE .

Figure 3. Spatial and temporal distribution of coupling coordination degree of marine economic-social system in Beibu
Gulf of Guangxi in 2010 and 2021

& 3. IAR4EERE 2010 £, 2021 FEiEHER - HAERGRA AR =S HE

HIT AL R A T . M BAES RGN Z RIS AR ). S0 EAAEZE SR, AL
I A R A T S S R GG A 8B, 2 ArcMap 7332 2010 525 2021 4 I A 20 AT
3 PV el NN i o 1! 2w S it [ o B o NI AN RS 17 2B RE AN L DN b e e D) IV SR 2
MAEE 73 A L7, 2010 SEHFEADT 54 SR & VR B2 s ARSI R O s . Bl b, )E
TR EERM 2020 4R VEACEE LS. B BOMEEA T S RS R EREARY, BET

RLLF B o
233, [TEILBEEFENR. HLEES=HERGRENEE
Tt BN By
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Figure 4. Variation trend of the coupling coordination degree of marine economy-society-
ecology in Beibu Gulf of Guangxi

B 4. I"AIFEGERNF - S - ER=ZFRGBEMPETHED

2005~2021 4, JUPHALERIEBUFEEL DY A S RGEME YIRS E R DL IS 1 I E Y,
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B3 4 = ARG 0 IR A P FE T e AR 3 A, an 5] 4 Brzs . HoHp, Akl el 0.1778 475 %2 0.5209,
Pem 7 0.3431, FAAPMRAEE R IREE WA R o RUF P ;4R H 0.1902 #8528 0.5336, #igfm 1 0.3434,
FEA R B AR B B R BN R UF s Bt 0.1813 4254 0.531, &5 7 0.3497, &R H
RE AR RN RAF . ISR E A . S M E R R T s, H
YO, 5 2 dbifs.

FIF ArcMap 73 525 H1 7 PG L BRTS 2005 4E. 2010 4E. 2015 4E. 2021 fFilFE4yr. o548 =
HRGMA D RER T ME, W 5. BT BF, =#F KRG RN#E R R F1E Et,
Hrp 2005 FEAbifE. O B = KRGS U A B ONMRE A 2010 RN = KRG A B A
FER RN FFEOE, T bR N = RGeS U R = 2 A — SR Rk T 2015 4R, d6iE.
BN Bk = KGR A IARE S Ok B B UK 2021 SRR BN BRI = KRG AT
WS R R B AT A, WA 4035, 2005 fEAbiE. B, Bl =2 RG-S i 2= 5
AR, BRFACE K 2010 4 =8 A WA B KCF i BAVK VOB dilg. 2O,
FEVMA: 2015 4F =3 R GG PR BE i s BAK SO « ALl By, 5401 EEYR A 2021 45
B B, B = ASMAMIAEER AR, WEER RIFHA.

E sl )

2005 2010

10.1778 o 1 0.2791 @
0. 1779 - 0.1813 £ 0.2792 — 0.2991

B 0. 1814 - 0.1902 : B 0.2992 - 0. 3201

Pl FElfs1
2015 2021
[ 0.3889 @ [ 0.5209 ®

77 0. 3890 - 0.4274 [ 0.5210 - 0.5310
9 0. 4275 - 0. 4450 [ 0.5311 - 0.5336

e AT S HE A & R A TS0 GS 51(2022) 1061 5 bR AEML A, R ETE .
Figure 5. Spatial and temporal distribution of the coupling coordination degree of marine economy-society-ecology in

Beibu Gulf of Guangxi in 2005, 2010, 2015 and 2021
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