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Coordinated evolution characteristics of cascaded reservoir system in the Yellow River Basin under different water-
sediment regulation stages//Yang Xiaoyu', Jiao Jian', Qu Bo®, Dou Xiping', Cao Minxiong', Jiang Enhui’( 1. River and
Harbor Engineering Department, Nanjing Hydraulic Research Institute; 2. Yellow River Institute of Hydraulic Research,
YRCC)

Abstract: In order to accurately understand the coordinated evolution patterns of the cascaded reservoir system in the
Yellow River Basin, based on synergetics theory, order parameters of flood-sediment transport, ecological environment, and
socioeconomic subsystems in different reaches of the Yellow River Basin were identified. The variation characteristics of
these order parameters were analyzed, and the evolution characteristics of coordination degree of the cascaded reservoir
system from 1965 to 2020 were clarified. The results show that, from 1965 to 1985, the multi-year average runoff of the
basin was relatively abundant. Although the water consumption in the basin gradually increased, the overall system
remained in a self-balanced and well-coordinated state. However, due to the limited regulation capacity of reservoirs, order
parameters were largely affected by natural runoff and sediment conditions, resulting in large interannual fluctuations in
system coordination degree. In the middle reach, the cascaded reservoir system even dropped to a moderately uncoordinated
state in some years. From 1986 to 2001, due to the operation of the Longyangxia Reservoir, the immaturity of the unified
dispatching system, and the rapid increase in water consumption in the basin, order parameters were adversely affected.
The system’ s balance was disrupted, leading to a degline to a barely coordinated state. The lower reach experienced the
sharpest decline in the system coordination degree, even reaching a severely uncoordinated state in some years. From 2002
to 2020, the cascaded reservoir regulation system was improved, the water allocation in the basin became more reasonable
and order parameters were recovered. Then, the system entered a new coordinated stage, rising to a primary coordinated
state and showing an upward evolutionary trend.

Key words: cascaded reservoir system; water-sediment regulation; coordination degree; order parameter; coordinated

state; the Yellow River Basin
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Fig.2 Representative indexes of each subsystem for

cascaded reservoir system in the Yellow River Basin
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Fig.3 Trajectory characteristics of order parameters in

flood-sediment transport subsystem

R1 ZKXFRGEFSE

Table 1 Order parameters of three subsystems

T FH4 FWF S AR AL SRR JF5h
[RRL3 R 0.9934 0.9930 = IETRT I v 4 O

|- i HEARIREE 0.9950 0.9976 S T8 455 D T A AT R A RIE
Hegpr 0.9990 22 ] W T K R i
(Rl ks 0.99438 TG

rhi AT 0.8924 b6 S [TTTA SRS TUME R/ TR L ST
ARAS 2N 0.9933 AL 11 1 T K £ i
1T itHmv> 0.9952 0.9884 P BT VT U

T H A 0.9744 0.9997 TR T T A 25 L O P MR R
Hegp 0.9995 I FE T K PR

- 149 -



S 72 S W1 <) 3 T WA R b = L N TR A A R
B ][R 3 i ol N I A I G ¢ A T
3000m*/s LATF 5 i 56 i A PR = 1] e 221X e v 9t AR
Pk 5 T #0107 0 O B W Rk, — R R
2000m*/s LLF, 2002—2020 4F, 75 /K B 55— 8 )&
SRS ER T AT U A s
T[T AR 0P, = 59T ORI T
K B TR AR BRI SIS ; P P i A
M F+2 4000m°/s VL I,
3.2.2 AXHBT RS

1 4 T, 1965—2020 4F 3k 38 495 W7 11 A= 253
A ERIERERI N e R m K s 582 T
Rk 121 [ - i DK I i AR R YR T A 250 R o
PRUE S I R 1 34, (LT O T 1A 0 s 3 48
N RO T 0] o 0 2 B, S iR K SR
S3HT, 1965—1985 4, 45 9] BE A= 2538 ‘L I o f i oK
FEEZ LUk KR A B B 8 BA 5 {H i T i
KX L, HLRSk K g Tt AR AR 7R
B KT, 1986—2001 4, 57 e F kK E £ A iz
AT T 7K e 3 A | 53T B A 2 R o
R IR ARG, e i o IR A R B, A S
T B PR E R SR T R, W ARy = AR
20% , 2002—2020 4=, XK FZE (14 B A 8 B2 8 T 57
W N2 N R K ZEB B AT , 45T B AR 2558 B
PRUER BB AR T 7E 2018—2020 4Ei4F] 100% ,
T UERER K SRR SRR RAT) 25 W 2E D

- ABIEE R IR AEFRK i
S
S1000c e o e e 91000 E
FE 50 N 500 oz
K 25 250 &2
-:Ei{ 0 : ; . . 0 N
£ 1965 1976 1987 1998 2009 2020
A
. Ca) ISk 28 453 W T A 28500 EL O e PR UE
B T ) .
W 751 1750 %
HE 501 1500 T3
RE 25 1250 &<
i 0 - - - ‘ 0 K
#1965 1976 1987 1998 2009 2020
Ay
S (b ) i S W AF 238 B PR .
S0 r e s L, A0
= 50 1500 3
KE 25 1250 ¥ 2
-:E:jj 0 h g - A 0 N
21965 1976 1987 1998 2009 2020
Ay

Ce ) TR T A2 25005 B A PR UESR
B4 EFREFRGFSEHTRHE

Fig.4 Trajectory characteristics of order parameters in

ecological environment subsystem
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socioeconomic subsystem
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