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Fig. 1 Regional division of the Pearl River Basin
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Tab. 1 Evaluation index system for spatial equilibrium of water resources in the Pearl River Basin
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Fig. 2 Relationship flowchart of Dagum Gini coefficient

)SE YEEX SR
G = iz S ilEﬁ_Eh,I %an (1)
j=lh=1li=1r=1

K G FEFR IS E REGR MR, N 2 AN
Xk, Hj,h=1,2,3, -, k; C.F1 C, R —A>F X IR
2 AR E(E,) N X R(R,)HE
C.(C,) AR FRE s E A VY8 PR E s b o IS

TR N R AR, Z 8] AL JE 50T PAS3 51
i“:i/?\‘jj Cﬂiﬁ] Gjh:

In? (2)

/<E vE) (3)

G R 370y, B KB N 22 57 (G, T IX
Sk 8] 22 5 (G) AR AL 5 (G, ) o MR B ST e 1
ANTFIAE Z 8] ) B0 AR 22 S RO, =3 Z [R1 Y
KEME

G=0G,+ G, + G, (4)
k
Gy = > G,PS, (5)



4 N RERIT.

2026 4F-

J

o
Gy= > > Gu(PS, + P,S)D, (6)
j=2h=1
koj— 1
GH:§: G,(PS, +P,S)1-D,) (7)

Py = ny/n DX R, PR A RO BRI SR
WX A EAE G S, = nE mE,j= 1,2, k;
D, 4 R FNR, Z A AH XS , W (8)—(10) :

D, = (djh _pjh)/(djh +pjh,) (8)
dy = [[aF() [ (y = 2R, (x) (9)
po = [[aF, () [ (v = 2k (x) (10)

Kired, HF X R T XL R, B2 5 5p, HjIX
RN b DX R A8 — B AR, 1T DR Ay j DX 3 B X
BT v, -y > OMIFEAE SR,
2.3 [T WA

B 4 PR 112 WA 28 2 — A 1 TR0 F i Ak 5
e TR SR A S B Y 32 B A DR 3R 0 a3 A
TS R bR A A R A, T 45 G R AR EE 1 bR
HEAL AL I, SRR R0 B A 45 F6 ot 5 H AR Y TR AN
REAG AR . KBRS (] A 32 3] A AR ALy (AT
SR Z R W SE M, BEhG T2 o3 A I L RE e 45 5 % &
XL PR 2, AT 4 1T P4 K 96 U5 235 1] 25 47 A R 20 B
SEI R R A AR B BT R DL R S

THEER A DR j R AR X TR EE F L L
A (11):

FL-,-=R;/XW; (11)
AP R, S i A X S FE b UG HTE 2 bR
AL BRI A AE 5 0; S 565 8 il i J2 R 3 i i A5
AR

TR bR RS 0, WL (12)

0. =

iFUX I
i=1

J n m

2 Z{Fijx]./

- O (EAOR, RS Rl A, BRIV mig A JE
K 155 A TR PR A G B R A R A S B, — )
B Wiz A ik 2 BAECR S AR BE SRS B0 s m R BT 5T
DI SR n AR AR BB

x 100% (12)

3 #R59M

3.1 AEBE

X% SRR 22 A8 bR, FH RO LB A 1—9 L
0 RUBE G KT Ll b AR B2, L3 2, il ;oK
PR ARG KGR s YK R R
KGR H T K BRI K B S AR AR Rk
PR 28 P W 247 L A, TR g b A1) 22 (] 1 2 B2 AN T
DAL, R 4 3 2 f i i A G B, P4 G R
W23,

K2 19ILBREMEX

Tab. 2 Meaning of 1—9 comparison scales
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Tab. 4 Consistency index RI
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Tab. 5 Index system for spatial equilibrium of water

resources
THED 2 febr)z S
KB 0.36
NEK Bl 0.13
Mif;‘% MUKV B 0.25
bR KB 0.19
WK it 0.07
NN EE: 35y 0.42
TR TS IR 8 0.27
(0.26) HERIX AT % 0.17
Ji BB A] SR 0.14
B IC R R 0.43
N X A 7 0.28
e P 0.09
S5 e 0.13
5 = S 0.07
WiTE7K B AL 0.39
IEAFERS ARSI AL B 0.39
(0.08) PNCVNGE TN 0.15
AR B 0.07
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Tab. 6 Dagum Gini coefficients and contribution rates

SRS FekR/%
R K X A s
3 be] i
I " - e KAl X N

2017 0.350 0.072 0.181 0.097 21.21 43.84 34.95

2018 0.313 0.061 0.186 0.067 19.14 57.90 22.97

2019 0.275 0.057 0.148 0.070 20.67 50.90 28.43

2020 0.316 0.064 0.190 0.062 19.99  59.94  20.07

2021 0.263 0.053 0.157 0.053 19.59 61.89 18.52

2022 0.246 0.053 0.112 0.081  21.57 42.13  36.30
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Tab. 7 Inter—regional difference

TRE FXE TR TS FXE X
4&3 4&2 4&1 3&2 3&1 2&1

\

N
;—Fi

2017 0.245 0.382 0.452 0.364 0.397 0.496

2018 0.252 0.383 0.479 0.316 0.328 0.389

2019 0.222 0.316 0.258 0.294 0.263 0.366

2020  0.430 0.509 0.500 0.344 0.192 0.367

2021  0.310 0.303 0.376 0.303 0.181 0.320

2022 0.166 0.310 0.286 0.267 0.212 0.307
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Tab. 8 Intra—regional difference

R T4 FRE3 TR PRI
2017 0 0.045 0.394 0.281
2018 0 0.050 0.293 0.175
2019 0 0.044 0.334 0.090
2020 0 0.050 0.404 0.088
2021 0 0.060 0.287 0.094
2022 0 0.045 0.271 0.139
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Fig. 3 Obstacle degree of criterion layer
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Analysis of Spatial Equilibrium and Obstacle Factors of Water Resources in the Pearl River

Basin

YANG Yafeng', LI Xinrui', ZHANG Wenbao', WANG Shaohua', WANG Hongrui**
(1. College of Science, North China University of Science and Technology, Tangshan 063210, China; 2. College of Water Science,

Beijing Normal University, Beijing 100875, China)

Abstract: The optimal allocation and equilibrium development of water resources in the Pearl River Basin is key to regional

sustainable development, maintaining ecological stability and promoting coordinated socioeconomic progress. Global climate change

has led to more frequent extreme hydrological events, coupled with rapid urbanization and ongoing industrial restructuring within the

basin. Against this backdrop, the contradiction between water supply and demand has become increasingly prominent. This makes the

scientific assessment of the spatial equilibrium of water resources an urgent and necessary task. This study constructed a spatial

equilibrium evaluation system of water resources covering four dimensions: water resources, society, economy, and ecology. The water

resources subsystem includes core indicators such as per capita water resources and utilization rate, which reflect the basic endowment



10 N ERERIT 2026 4F

and development potential of water resources. The society subsystem covers population density and water supply guarantee rate,
aiming to embody the level of social demand for water and the security of supply. The economy subsystem incorporates agricultural
irrigation water efficiency and industrial water reuse rate, which measures the efficiency of water use in economic activities. The
ecology subsystem involves the water quality compliance rate of key water bodies and the wetland retention rate, reflecting the
supporting capacity of water resources for the ecosystem. The basin was divided into four regions, including subregionl. 2. 3. 4,
based on geographical features, hydrological systems, and administrative divisions, ensuring that each region’s unique characteristics
were accurately captured. The study adopted the Dagum Gini coefficient, which decomposed overall differences into intra-regional,
inter-regional, and trans-variation components, and the obstacle degree model, which quantified the hindrance of each factor to
equilibrium, so as to analyze spatial equilibrium and its obstacle factors. Results from 2017 to 2022 show that inter-regional
differences have dominated the spatial equilibrium gaps, with an average contribution rate of 52.77%. Specifically, subregion 1's
plateau and mountain terrain cause severe surface water seepage, keeping its water utilization rate below 40%. In contrast, subregion
4, with its complete water conservancy projects including reservoirs and diversion systems, highlighting the need for coordinated
allocation measures like cross-basin water transfers. Dynamically, the basin remains in a critical equilibrium state during this period,
with the Gini coefficient fluctuating between 0. 246 and 0. 350, indicating certain instability. Obstacle analysis identifies the water
resources subsystem (due to uneven distribution and low efficiency) and the society subsystem (owing to mismatched population and
water endowment) as the main barriers, which need targeted solutions to promote balanced water resources development in the basin.

Keywords: spatial equilibrium of water resources; Dagum Gini coefficient; obstacle factor diagnosis; Pearl River Basin region
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