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Theoretical framework and balance mechanism of spatial equilibrium regulation of water resources//Wang
Hongrui' , Du Xinlong' , Wang Yu®, Yang Yafeng’ , Wang Zhijing* , Zheng Xiaokang®( 1. College of Water Sciences, Beijing
Normal University; 2. Yellow River Engineering Consulting Co. , Lid. ; 3. College of Sciences, North China University of
Science and Technology; 4. School of Mathematical Sciences, Shanghai Jiao Tong University)

Abstract : In response to the core proposition of scientific regulation and quantitative analysis of spatial equilibrium of water
resources, this article analyzes the connotation and basic characteristics of spatial equilibrium of water resources from a
multidimensional perspective of historical evolution, practical needs, and system coupling. It deconstructs the complex
system of water resources-economic society-ecological environment and constructs a theoretical framework for the regulation
of spatial equilibrium of water resources. From the trinity perspective of ecological security, social equity, and economic
development, it explores the multiple mechanisms of water resources in safeguarding, coordinating, and linking the
ecological environment and socio-economic systems. By integrating dynamic symmetry thinking with statistical principles
and algebraic geomeltry ideas, a dynamic equilibrium statistical model for water resource allocation in both time and space
dimensions is developed to quantify the dynamic adaptation rules between systems and identify key driving factors. The
research results can provide a quantitative decision-making tool for collaborative optimization of water allocation, ecological
protection, and socio-economic needs, offering a systematic solution that combines theoretical depth with practical
operability to address the spatial mismatch of water resources in China.
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Fig.1 Evolution process of spatial equilibrium regulation

of ancient water resources
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Table 1 Analysis of concept of spatial equilibrium of water resources
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Table 2 Connotation analysis of spatial equilibrium of water resources from complex system perspective
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Fig.2 Schematic diagram of connotation of spatial equilibrium of water resources
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Fig.3 Theoretical framework for spatial equilibrium regulation of water resources
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Fig.5 Water resources-ecological environment

guarantee mechanism

I DA 0 E R, T b AR -

(B 45 38 N B 5 0 P PR R 4 B, AR AT K
SASEEAA SN F A SO B AR K B,
FERE A R K R C B AR 2 3R, e T R
SEEEATHUX AR S AMEEAIL ] | 388 2k A ) WA U 7% S A5
TRANEE 5y 5507 2OV T Wi R4 A S licas , iR fk
TR E 5 A SR A R IR ] B 45, 78 AR ot A 22 AR
s R RSP ER R EN  E  A AR ) 5 N TR
WG G, SEIA SR 5K SRR 23 [a) 2
2.3.2 AR Fa MK TR AR A AR B AULH]

KB4 S F R GBI BLE FF Dt &8
SWIPE 2B S AR S | DX AR TR 19 FH 7K A
T AR (BT 6) o HERIS PN A% 238 1 25 8] P51 Al
SEPLHEAKAURBE S 22 ARG S — . TEMR 2 4E
JE 5 b A it 1 A A IR 55 bR RS BE AL I &2 A
S, A Ik & kK A I B I0E B R IO K 2 4
Lk, [a] I AR T /N IlBEL  Ae it 4 IX 1) T BB
il e 22 AL K B EE T B8 AR . 7E KRR AR 4 B
i T ST R FH KA £ AR BRI B IR AR A S
FRAE DX AR 288 FRAE St 7K R MG B 2t fe 2 O A
Bij 1B K B2 I T S A L B B A S HE R

R
K2

B 6 KHFFEHIIBEMFVS

Fig. 6 Water resources-social stability coordination

mechanism
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Fig.7 Water resources-economic development linkage

mechanism
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