9541 B 5 W) KB
Vol. 41 No.5

woR

Water Resources Protection

2025 49 H
Sep. 2025

DOI; 10. 3880/j. issn. 1004 - 6933. 2025. 05. 001

PR LT

WA BT A AR K R A P B

KA B AR BOE A AR E E Sk, MR EIRK
“RK AR BIK T Ay, BAR TR K RN fE4
PREA G HE 2 AR A TR R G5, AZExF A

3t 300 H m®)FEC A8t 6 R K ENLEA

EOBLE %

(1. P EDKFIK BRI Bk B IEMFSE T, ALET 1000385 2. KRS 40 TR 24 b, K 300072)

WE AT RO BB LA R RS A SR AW B MR FININEREEIH S = R HRAESR
HT A RENA THREFEALBAEEL, AL BFTRERAES & LA GHERFE @
KITHFIE A# T AXERKIREHE A F LT RAR B, Tl ¥ A S R sh3R 425 2] 5z 5F

RARAESRIRE A | FHAAL & LR R, e b BB T AT AERRIE =R
WIEMESR it S A ARA A RIS R ML AR R K o B FILT A4

RPN = ERRIHER, BJe , NINRIiE Hmiid S AR ARSI ANAE@RHE T A
TZRMWFWKREBASPEARER, ZREGEAMAALEREERE XA HF Ritptm
AL RAMERRBZ, A TEAAESKEL AAA KRG RAL—,

KEEW A ST Z RIS K EBF A SR SN0 iR

FESES.TV213.4 X HERARERD A XEHS 1004 - 6933(2025)05 - 0001 - 10

Ecological regulation theory of reservoir groups based on externalities from the perspective of Human-Fish
Game//WANG Hao', GAO Yu®( 1. Department of Water Resources, China Institute of Water Resources and Hydropower
Research, Beijing 100038, China; 2. School of Civil Engineering, Tianjin University, Tianjin 300072, China)

Abstract: To address the challenge of coordinating reservoir group operations for human benefits, disaster mitigation, and
ecological protection in river basins, this study introduces an externality quantification mechanism and a three-stage game
framework , proposing an ecological regulation theory for reservoir groups from the perspective of the human-fish game.
First, it reveals that reservoir operation and fish survival are not inherently a zero-sum game, clarifying that while
maximizing human development needs, ecological negative externalities can be minimized and positive externalities
maximized to achieve a synergistic win-win outcome for both humans and fish. On this basis, a three-stage game framework
for ecological regulation based on externalities is proposed. Through hierarchical optimization-multi-objective foundational
equilibrium, minimization of negative externalities, and maximization of positive externalities-a three-layer optimal
equilibrium solution for complex game problems is achieved. Finally, key technologies for ecological regulation of reservoir
groups based on the three-stage game are presented, encompassing externality assessment, refined simulation, and multi-
objective scheduling. This theory aims to provide an theoretical paradigm and systematic practical pathway for reconciling
human development needs with fish survival requirements, facilitating the harmonization of ecological priorities and human-
centered development.
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Fig.1 Diagram of reservoir groups ecological regulation externalities
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Table 1 The three-stage game theoretical framework of ecological regulation for reservoir groups
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