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Evaluation of water environmental carrying capacity of Yangtze River Economic Belt and its driving factors
exploration from perspective of spatial-temporal heterogeneity / HE Weijun'” , MENG Xu', KONG Yang®, ZHANG
Xiaoyan' (1. College of Economics and Management, China Three Gorges University, Yichang 443002, China; 2. Business
School, Hohai University, Narnjing 211100, China)

Abstract: Based on the coupling system of water resources, water environment, and socio-economy, a comprehensive
evaluation index system of water environmental carrying capacity( WECC) of the Yangtze River Economic Belt ( YREB) was
constructed. The entropy-TOPSIS method was used to measure WECC from 2010 to 2019, and the standard deviation
ellipse, global Moran’s index, and Geodetector method were combined to explore the spatial-temporal evolution pattern and
main driving factors of WECC. Results show that WECC presents a descending tremd in an order of downstream, upstream,
and midstream of the YREB , with top three provinces ( municipalities) of WECC in the YREB being Shanghai, Zhejiang,
and Chongqing; there is no provincial spatial dependence of WECC in the YREB, and the standard deviation ellipse of
WECC presents a stable east-west spatial distribution pattern and a trend of movement in the southwest direction, with its
geographical center located between Yueyang City in Hunan Province and Jingzhou City in Hubei Province; the primary
driving factor of WECC is water consumption per ten thousand CNY of GDP, the socio-economy subsystem has the greatest
influence on WECC, followed by the water environment subsystem and water resources subsystem, and the main driving
factors of different regions have significant spatial heterogeneity.

Key words: Yangtze River Economic Belt; water environmental carrying capacity; spatial heterogeneity; entropy-TOPSIS

method ; Geodetector; standard deviation ellipse

IR R R KA e R T R R EKBE NZETH Sl AT /A Wt U ke A K B 358 8 Ak ) Al
TRIREE P & R MY B R AR L AR IR 1 S X (TR AR K PR AR R COE L S

HEE&WA  FFRHFHE S T RKIH (2019ZDA089 ) 5 v sk i3 4% FEABHI L 45 9% 4 101 ( B220203012 ) ; VT 750 4 BF 5% A BHIF 55 52 BRI 11 3
(KYCX21_0445)

TEEE N AMHEE(1965—) , B, 2087, i+, FENFOKEEH AR L XAGPFSE , E-mail: weijunhe@ ctgu. edu. cn

BIEESE AL (1992—) , B F-LBF5E A, E BN KRET R AR FK R BHFST, E-mail; ykongl519@ 163. com

- 215 -



PR SV RS KR K IR R 3 T M A
FE AR ER KR B 75 3wl b & R ok P ok
TR AR ER I ARAL, AR R HARIK R G, X
FEF K BRI AR T M TR BK A fE“ K" b
R, RIK AR 25 7K B2 YR (R B8 7, T 7K B4 5% 7k 2K
INPE— DG EME, AR T ARKRGR
HPEARBRIRAL 2 K RS 4075 Rk A= 25 B 55 D RE Y
REJT . PRIUL, 7K ¢ I8 AR 48 7 T W R K IR B 7k 38 )
) —A~ 5

H A F KRB AR A e ot 2 B4 vh 7
A, AR TR BREE AR 07 1 B A b KR
W LT gh 3 ] Hp s & R A AT g 0 I AR
KMFE EE A R KRB R B I N KRB
FRER 7 T K T ) A T i K IR AR 2 T 5
i 2 A HT A 98 45000 kK IR BT R 3R PR A
M5, BUA ST B2 Bk | DO L Rl 3 A~ R
B, BB R TR KGR EBIX D
A GRS 7 A (0 AL S PRI A0 G 55 A s 1X, 431
WL, KRB SN BRI ST 77k F2 A
5 R ARV IEO RO FE bR AR R IEAN IR, FRAE FR T
Wi M SRR, A A I A o R A e % VR el A
T YRR TR R T AR S B b DX 7R 2 ) A A —
R 7 1H  AH LN T8 R RPN A T 24>
FEbR, AT AR by 4 T b S5 AN [5] 48 A % Hb X7 4%
) SE s 22 S RUm A A R T3z, 8 sk R AT
Wi BTG BTk B TR B
WIZEA VRN BRGE BN o0 BT 45 %207 1A I SR
FETHEbR R R A B AR | 4w v A T R
BEAN AT B2 R 2 A BT ot 2B vh oK IR EE
AR 7 R) B s (] B — G B R K IR BT AR 3R T A
1 Jo TN 25 ] A0 A A AH S 5 10 4 Ry 20 L, A
5345 S 38 H M LA ] B s e /K A B8 AR AR T i e s
S e HL3h 25 A8 Ak, B B ROt B A A A Bk = A X
Ve, PR, A 0 22 3 1 2SO R X kK 3 8
IR B A VEAL , B0 LS (0] R X R I sh & 5%
FERRAE TR L3R TH B A2, AT Sk 22 S 4k < LUK 2
PR ORI e SR R S

AT 25 2 3 [ DX 3l D) 4 e A 25 S i
KR 1l IR 16 e Bl 4 [ s T R SR Y AT
PR B T VT 3 38 A 7K A S R B IR B AT R B AR
AR 7R KT LA 21% 1 [ 4 1 R
HEL T 40% DL b 9 K B i, B T AL COD
NH,-N S0, \NO, #% % P47 LY HE R0 3 2 4 [
PIKFER 1.5 ~2.0 151, 2019 48 T ~ 2K
F91.7% ,5 2016 4FAH HLIEH 9.4 AN EH 43, KL
KR FIHE 20 AF IR AR KRR LA T ek
- 216 -

e, BRI, VLT AR A AR, SR 3
(14255 ) S 1, 308 4 FEl 4 0 T /K B TG v A b, 46
VS i AR SE T 4, KR EE TR sk k™ |
R, VLT T I 28 5 8 o i R R 5K AR S A
BRI TR T, KA B AR 387 M DL S X4 25 48
TF R B TR S 4, 5 R A, AT X3k ] 4 7K
A S IERRBUA 25 22 53 B 3 Hon] RE A7 A8 25 W] S 1K,
KAILKRBP 5T, el 76 & J 28 5% i [ B 52 3K
A IR AR R IR AT RS R C o KT 0%
My T FRSE & R T W R A ME RS, R, LR K
VL T0 /K PR 7R 48 1 BIUIR B HL i 2% g AR RAE , 5
PRI HAR TR AR W VT4 55 25 S AL BSR4 7
HABRESHE L WREFRKITATW &k
JRE RN AR B 7K 28 4 ) T B R4

AR GEIR KA -+ S A TG RGN
K AT KITA T KA R E I8k R
LEAMRL-TOPSIS 35, b e 22 W ( standard
deviational ellipse, SDE) fl 4 Ry B2 ¥8 %0 ( 1) %507
B LR MR IT 565 2010—2019 4F 7K FRES K 4%
FInF 2 BRI B AR I #AS R $R 5T K 3R
BRI EEIR S N F, DU RT3 45 K BR
BRI PRI T i i R R e it 5%

1 HRFAESHTERR

1.1 #MRAZE
1.1.1 JE#-TOPSIS 3

WAL TOPSIS 2 & —Ff ] FHARTASL 2 1 5 418 B AL
., I i i TOPSIS BRI x5 H ARt AT HE P (25 &
PG TR AR S T B A5 A
Iz, AR IR Z AL E XK IR
WP ARE K KRBT R TR 53y 5 FORZS
HAABRERL R 1,

®1 KREREANTENIRE
Table 1 Evaluation standard of water environmental

carrying capacity

KB R TEFI 4 A4 1 I
[0,0.3) (B3 IKIREE 7R E S iR
[0.3,0.4) K IRIREE TR T AR
[0.4,0.5) LRES TR AR AR A B
[0.5,0.6) Rif IKIREE TR S U
[0.6.1] e RIS AR B IF5

1.1.2 SDE 5 & oA

SDE J2 & 1 73 M1 i B 38 2 6] 43 A1 AT 14 5
Tk, AT 4 JR) A JBE R gk R iy B 3R 2 [R] o A
(O R A | T M N S TR S AR
A3 SDE HO VLA Tl 11 4 (1) K A5
AR PRSI L) B4 (T) B b B 67 B A 53



Tk, 38 5 bb 4 A (8] 0 5 B 5 DX 3l 38 v o 7
AHXTAL B DA SCH U F B 04 B 17 10 oF BiF 5% 2 3R 4%
R4 ARE O .
1.1.3 = Aark

A Ry B 2 5 B R A s R RN Y 5 TR
R BUEEE AT -1 AL 2| M4e)E
FLEFREOA R 0 Had o i E R I B, B A K
VLT 248 (1) B 7K IR R 3807 76 WL AF A FEAE
ZEAMKKR, ALLEEFE T 2 HEE A
o A T 2S [h) BE B S (M AR R, W R

AR

w:(gj Ja, G=p oW
s w, 273 1A B 2 A A T R d, R
DX i R j 7S TRIBE S 5 D, R D, 43510k X4 i AL j 1
GDP, A SCHR L4 230 T 22 ] A4 2 W] 85 125 1 o 2
AR (I R R R s SR b D 5 ) S T vk
SE ) 22 W 9 23 1 B 4y M A T 2 A 2 A R 0
R, XA 3E T Bk 3 A28 A AR M T A5 2
[y 4 Ja B > FE B, AR 45 ) AR 56 56 R IR
1.1.4 dzpigm %

LRI 82— FH Tl B 4 0 23 ] 7
Fitk, IF IR X Fh S B 5 3R sl R 1 e it2
Jrikt M BRI A T LA AR [ A A A L
PR PRI AR F e 25 [B) 43 A L AR R BE T AR SR
JFH AR 5 v 9 DR 0, 0 7K B R R R
IR T LA RN B R A,

g=1- Z} (N,a7)/(Na*) (2)

K, g AURSH T XK IR B K S UK ) 15k Ry
FEFRAYEEL, R K-means 582805 445 I R 7 2%
YR 3 2 N, N GRS b 24 XK B R4
NV BTCEL; oF | o N h 24 XK IAEE
REIITT 2%,
1.2 IStk REE

3 3 SCRIRAIE , XA G SCHR T Y K IR R AR 3R )
RbRA RTINS, A5 5] 95 DK FEIRTE bR
115 NKRIREEHE AR 76 b2 5h i bn ., R iffR1S
B0 BE A RL 22 N B L | 45 A HRFR oA IR 40Uk % 5%
PR TR ISR SCAHGE AR R AT 4 B gk
BUOMERGTE bR 1551 25 AR BE R 1M SE 46 4, 4
T RILATH KA KR LR B TP bR IR R
meE 1 FoR,
1.3 HUERIE

SR FH B4 T A B e [B) 255 >l 2010—2019 4F | B
AEEHE AL 11 A () B9 25 DME TR 8, FEA

(Awmﬁﬁﬁa
KRBT &R C,
AN K C,
FRRKE C,
HiFKVEW L
ks ¢,
(cop Hell= ¢,
ARHE C
AN AR & C,
W KEP R C
Tl HKEZFIHZR C),
J76 GDP /K HEjit: €,
BMETE C
PN /NTES S UNTE 2N O
HATREIKE €
USRI A3 35 K HEHCRE €
WL C,
WA ANAEEE Cg
ANH BRI C
A¥JGDP €,y
L%t/zkéé‘z%%%éﬁ B, GDP KK ¢,
F=r L E Cy
Ji7G GDP 7K Cyy
A H AR KR C,yy
T3 76 Tl 3l FH K & Cys
E1 KIZFHKRERFHESIFNIERER

Fig.1 Comprehensive evaluation index system of water
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Table 2 Distribution of water environmental carrying capacity grade of different provinces

EE0) it A WL TR i)

it Wir S i M PN

2010 e g e 2% R
2011 Pl g e R R
2012 R R4f e E304 o
2013 % R4f [y £ 509 E-5i4
2014 P LRE/ tem R R
2015 i R i R R
2016 Ao R4f i E304 E-304
2017 e LR P £ 504 E-5i4
2018 D T o gk g
2019 P LREY e LRET LREYS

I (18413 RAf I I T
A (1873 R T A L
L L ek % L L
o E el SRS SIS LIS
B B LI SIS R4 e
I L Pz ek RS e
T4 iRk Pk SRS RS P
I B RLAF g SIESS LIES
SiES T (/WD SIS SRESS gk
Ho % NG LS Ho Bir

A UGS KL LUNE L L

Lk L K4 % F% P

- 218 -



), 2010—2013 4%, b v UK R AR ) 3
BEREE LT, X325 T 2012 01 E %5 B T &
(ORTFIAT B ™ M 7K G U5 A5 BRI BE A I ), « = 4%
CLER” N 75 R A2 A 4% b AR B AR 2R TR 3l 45
HARIK RGN (%) 1 g, 328 1 4 538 A b XK 3F
BREST AR FFE B AL 5 . 2014—2016 4, K
TLEE T K IR 2K 3800 52/ L 30 1 ke 34, B
LRGN, Nl M BN AR () A AE K RS R3]
gL A E R IX R HR VP IR,
TR FREE AR 2 77 Kb T 0 A R Bl rh R A G I
Gp, ZAECRTEATT BRI & Rt K AR S IR
AL T PEE IR I I MELME R | X R KT
7 2014—2016 4F7K PR 455 K 48 07 4553 A 1 A9 2 28 5
HZ—, 2017—2019 4, KILZE A 11 44 (1)
IR IREE AR 7 1 2 A R B 1 Hak 3] 10 4k 1Y
I KA, D PR LT3 AR i T b K R RS B, i
FriiEss () Sefe e RS e sh 2 P K 5K 5t
DA P U & e 0 R lAE (T Zead 24 7 254
Ak, /K S5 K 5 Yy 3845 2 R IR AL 1k , il
FRHEAN X BUK FREE AR5 LR T
2.2 KIIZFHEKRERENZEARBHH
2.2.1 RAFARNZNEERIFIE

f&Bh Geoda 1. 16 34443 3 Fh A [R] A% 55 8] AL
R SRS KT 5 K PR R 7k 38 77 2010—2019
SERA R A G 28 B (3R 3) , Hov p {H 9 BTl
D) %) 2 PRI Pl B — P AL 3 2 ) At i i ) R %%
— B, 7E 90% EAFEE TR, Bl p <0.01 &, AT LAk
B2 PR R A AL, A B X A B al
2010—2019 4FEK VL F A 4 Jm B8 22 $5 40l B A /D
T 0, H¥fyA i B F WAL, X R K IL&E T 45
A () IR AR AAEAE 0 3 25 () A AH GG R
P 2 (B S B A ST XA 42 )R 5 24 4
B, 2 A B 2 (BSR4 ) 3 2 4
$0(1,)2013 4E N IEAEFE S B 6AE , R IT &35l

FH e e " AR SRR IR AR SR RLB M A R v
RS ERER, WA () KE, T
1) BT H SRR D), 5 AR # L
IRIREE AR St e, R - SRR,
Vg T R ] 0 b DX ) 7K PR R R 3 ) SR R RN
“TR IR AR TR X F AR Uit I TR DR T R O A4 T
B AR AR R XN R M K A S R B AR A
(Th) RIIAALRN , H2A () BEi b, A%
3T B 5 23 (RS ER A T X I 1) 4 SRy B 22 4R B (1, ) A
O B 235 (R A ER T X 7 1) 42 Ry B 22 FR B (1 ) 7E
WSR2 A G, R R T 5 K IR AR R
— B AR SRR AR R R (EAE R
() AE— 2 I Bl B it 7K IR BE 7K 38 ) 42 )Ry 28
[E)A% SR G RFFIE M ATE AR S, T ULLE 3 Fie R
BB AR o R A, PR, MBIk A,
KAT LT KRB A E 5% X 0] NN AE B 3
()7 R . TCIe R K IR AR 28 7 v v Vg i
L, iR SE /K BREE AR AR AR A il 3 48, AR ASRE
AT B4 (T ) AR A IR A T AN I 1 7 A FE A
T Y 55 2 R T B v A Y K R SR R 3 )
LR
2.2.2 KRITZBHFFKRIREARR TR BSEEL

SR ERHE R K VL4 T A 2010—2019 4F 7K 5
AR ) 2 A G 3 485G AreGIS H g rh AL 0
H1 SDE () E.UF% K SDE J3 A5 &1 I vEA T | 4%
RANE 3 iR, BRI G T M AE— A, KR
FEARER ) W B OR300, BT
IKIREE AR T IR ES TG O, ol LA T VT4
eal b R U K PR R R 3R i 23 1) A A A R
Ak

AT 2T KIS AR 2 7 B 13 53 A TE ARk
B HAR TR A R TR -def i, 208 R 7655
A% S5y, 3 5 KT 2 5 A B 2% (] o0 A — 2, WF9E
W KT T K B AR 807 BN B 5 12 ff 6 1R

R3 KREERBFNER/EZIEH

Table 3 Global Moran’s index of water environmental carrying capacity

LSRR IR

LR B IR p (H

A
1] [2 [3 [] 12 [3
2010 0.008 -0.140 -0.150 0.174 0.527 0.386
2011 0.002 -0.137 -0.145 0.204 0.565 0.443
2012 0.018 -0.139 -0.156 0.149 0.559 0.357
2013 -0.007 -0.115 -0.117 0.262 0.820 0.776
2014 -0.070 -0.097 -0.079 0.713 0.969 0.722
2015 -0.050 -0.104 -0.096 0.541 0.955 0.943
2016 -0.033 -0.113 -0.113 0.414 0. 846 0.826
2017 -0.037 -0.116 -0.115 0.432 0.799 0.803
2018 -0.056 -0.106 -0.096 0.589 0.928 0.950
2019 -0.106 -0.092 -0.074 0.945 0.898 0.667
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Fig.3 Center of gravity shift and SDE development trend distribution of water environmental carrying capacity
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Table 4 Detection results of driving factors of water environmental carrying capacity in Yangtze River Economic Belt

e WA F KA T g fH
2010 4 2013 4 2016 4 2019 4E lfz) 2010 4 2013 4E 2016 4 2019 4 ¥iE
1 Cy Cy Cy Cy Cy 0.90 0.76 0.90 0.91 0.85
2 Cis Cy Cis Cy Cy 0.75 0.60 0.79 0.66 0.62
3 Cy Cio Cyo Cq Ci 0.74 0.59 0.70 0.63 0.60
4 Cyy Cyy Cyy c, Cy 0.73 0.59 0.67 0.61 0.59
5 Cis Cis Co Cy Cyy 0.61 0.59 0.55 0.60 0.51
6 C Cy) Cy Cg Cy, 0.51 0.58 0.43 0.56 0.50
7 Cs Cyy Cys Cy Co 0.50 0.44 0.35 0.43 0.43
8 C, Cp Cy Cy Cis 0.50 0.42 0.33 0.42 0.37
9 Cyp G, Cy Cy Cp, 0.48 0.32 0.32 0.35 0.32
10 Gy, Cis Cis Cis C, 0.42 0.31 0.31 0.35 0.31

R5 BRXRIBKIRE RS SR E FIRN LR
Table 5 Detection results of driving factors of water

environmental carrying capacity in different regions

W KA T REHHF ¢ &
wE o bl FWE R DR T
1 Cy o Cy 0.92 0.72 0.84
2 Cs Cyo Cyy 0.87  0.60 0.72
3 Cy Cyo C, 0.83  0.59 0.72
4 C, c, Co 0.82  0.59 0.70
5 Cyy Cy, C 0.77  0.56 0.58
6 G, Cy Cy 0.64  0.55 0.50
7 Cy Cs Ch 0.58  0.55 0.42
8 Cy Cys Cy, 0.57  0.52 0.37
9 C, C, C, 0.56  0.52 0.36
10 C, , Cy 0.53  0.48 0.33
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