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Abstract: To reveal the response characteristics of reservoir group operation to the non-stationary inflow runoff and achieve
adaptive reservoir operation, the reservoir group in the Xijiang River Basin was used as a research object. An evolutionary
multi-objective direct policy search algorithm was employed to construct a multi-objective optimization operation model for
the reservoir group, and the optimal solutions that balance multiple objectives of power generation, ecology, and water level
were obtained. Under both stationary and non-stationary runoff conditions, the sensitivity analysis method was used to re-
evaluate the optimal solutions, and further to reveal the sensitivity response characteristics of operation objectives to inflow
runoff. The results indicate that there are significant trade-off relationships between the rates of ecological water shortage
and water level risk at the Wuzhou station and the average output of the reservoir group in the Xijiang River Basin. The
sensitivity of operation objectives to inflow runoff does not show significant differences among different optimal solutions, but
it is more responsive to non-stationary runoff. The wet-dry variations in runoff under non-stationary conditions are more
pronounced, which to some extent enhances the average output of the cascade reservoir group, while also leading to higher
rates of ecological water shortage and water level risks at the Wuzhou station.

Key words: reservoir group operation; non-stationary runoff; multi-objective optimization operation model; direct policy

search algorithm; sensitivity analysis method; the Xijiang River Basin
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Table 1 Characteristic parameters of reservoir group in the Xijiang River Basin
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Fig.2 Stochastic simulation results of runoff

2.3 2RFHRESHTE

42 Ry BURRAE A3 B O s E N T R AR g A
At BRI SRS R 45 R ) AN B0 7 P o) FC e o 72
AR A AR TR 120 vk S A e R R A
S MR B R AN E M S U B R AR R A R 3 2K
2, AT LA PPk A R 13000 25 SR 0 25 Al AN 1 2 1o
VRROTRAEE . 754 Jm B o3 A O i v, O )
SR FET 7 2 BUBME AT 30 Fof fgsk
JE 2 Ry B AN i A PR R AR A R B AR Ty 22
AR HO ] ER AR A A e 1 O3 A Ry s S
P 2553 AT B RS I, T 07 22 W OB 23 B 7 v
TCERNEBAL R 2 )R UM O 1 A R [
AR SCR FH A T WE 353 A (0 BUSE S A 7 VR T 2 R
BRI HT

WRAEZ AR S B O3 ik i 2 oy 0 g AR
o, WURUR M ek A A B T A B A R
TIOR3 A0 5 OB B «, LAY BT A g A 7R
JIT A 3 i A B SR A 2 2R, IZTEER
P 78 £ i) 2046 PR 23X ( cumulative distribution
function, CDF) > £ 1 450 Y 1) 42 Jmy St . 1y 28
Ty WA 5 x, BBURPE T RR

K;=an\ny)-Fyhﬂy\%)\ (4)

iﬁ':F‘;Ki K Kolmogorov-Smirnov éffﬂ‘i, BUE N 0~
1 AR T 1, KR A2 5y %y A E 1t
HBHEE F, () F, | (y ) S0k y
TR AT CDF

3 HBREHM

3.1 ZHERRKEAELER

BT D3 H AR AR , >R T NSGA- I3 2K i
PUVLIRBOK R 2 H bR A0 IR BE ALY 45 21 7K 2
KHL AL KA Z BbRin BRI Mg A, WK 3, 1K
B — AR IC 8 — AT R — AR AT LA
Wi — 4~ RBF JE 2, BIVPY V17K 2 #F A9 00 Ak o B
W, P 3 AYSE 5 BoR | Rl A 25 Bk R 5K R

P R T R KR )
K FE P 3l A AR ERK 3B 5 T AR M 2 7K KU R
A S BIIKCR F MR ICZR | KB 3 7K A5 RS R AT, L
A BOK R BAR, TER AR 1Rl A 2 ok
R KU 2238 B fe /IMEL T 7K PEFEST- 35 1 00 3%
AN TR 2 OKEREE34H 7 A sl 2B 2R kK
FRAKAL AR 3235 3] b5 KAH 5 S A e 3 AT 1 il
A H bR eRE A, BSR4 R R | AR M
S BOK R AYTEREN 0. 044 ~ 0. 059, /K FEREE- 34 1
JIHTEFE N 3546. 16~3593. 82 MW , #5 MM 3t 7K 57 XL
W6 R K 0 A 0. 192~ 0. 233, 111 P4 YT 9 3 K )26
1997 1 H 1 HZE 2017 4 12 H 31 H PRI
Hh AR M ity A AR ERK 3 KA RS R K FEREF-34
F143 920 0.12.,0.30 F1 3250 MW, AL, &2 H ARG
AR BE AT AY AT DU SRR AR M s A 25 Bl SR AR AL
AR B K PR3 T

KR
3600 0092 0213 0233

S i
o p o @ flff2
Z 58] mﬁcfrﬂgﬁb
S o= @
= [
}?{— 356

R
354 . s

]
0.040 0.045 0.050 0.055 0.060
AR HOK R

3 RHEAEREKREER

Fig.3 Results of optimization operation model

2 4 SRR 2R 24 Y 7 S5 HE Nl 7 XL
NSRRI F AU TR, X il
fift 1 R AL 2 AT LU G RERIR — oK - 34
J15 K PEREF- Y T Z (A7 A 25 5 5 8 i
R 3t ZKASE IR 2R A A 2 R 8 7 ) — 5 B P
(IR, AR, Je e (0 K -2 1 g 5K PR
S T SR BRPRIR) S AR T -5 R i KA IR SR
A BRI RGE PR . HAl B K R R
R S K PR R A R v R A 2 I B S R U SO A2

- 143 -




R2 AREIKETFHH N EEMN i EFRKEMAKC K ZE X R

Table 2 Relationship between mean power generation of different reservoirs and rates of ecological water

shortage and water level risk at Wuzhou station
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Fig. 4 Evaluation results of optimal solutions under stationary and non-stationary runoff
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Table 3 Correlation coefficients between ecological water shortage rate at Wuzhou station and

statistical characteristic indexes of runoff

S mivw sl b e RN mki o) e TR S0 T
1 -0.33 -0.52 0.02* -0.40 0.06 -0.67 -0.65 -0.34 -0.16 0.56  0.21 -0.23
— 3k 2 -0.34 -0.54 0.04* -0.42 0.05° -0.72 -0.70 -0.35 -0. 14 0.59 0.20 -0.23
3 -0.31 -0.51 0.04* -0.39 0.07 -0. 66 -0. 64 -0.33 -0. 14 0.56  0.21 -0.22
1 0.12 -0.52 0.30 -0.69  0.33 -0.86 -0.91 0.04" 0.20 0.49  0.50 0.16
Je—FrE 2 0.16 -0.48 0.34 -0.70  0.37 -0. 86 -0.91 0.08 0.24 0.53 0.54 0.20
3 0.12 -0.51 0.30 -0.69  0.33 -0.86 -0.91 0.04" 0.20 0.50  0.51 0.16
T4 BHEKEREZRSERGITHTEERZ BRNHEXREH
Table 4 Correlation coefficients between water level risk rate at Wuzhou station and
statistical characteristic indexes of runoff
p— X =
P mete wic b mms R Rk s COCT TR SR e JH
1 -0.39 -0.60 0.00* -0.36 0.08 -0.67 -0.71 -0.40 -0.21 0.61 0.27 -0.29
— 5k 2 -0.39 -0.62 0.01* -0.39 0.09 -0.70 -0.73 -0.41 -0.20 0.64 0.28 -0.29
3 -0.38  -0.59 0.02* -0.36 0.09 -0. 66 -0.70 -0.40 -0.20 0.62 0.28 -0.28
1 0.37 -0.30 0.53 -0.74  0.55 -0.86 -0.85 0.28 0.44 0.63 0.64 0.39
Je—rE 2 0.39 -0.28 0.55 -0.74  0.57 -0.85 -0.84 0.30 0.46 0.64  0.65 0.41
3 0.38 -0.29 0.54 -0.75 0.56 -0.86 -0.85 0.29 0.45 0.64  0.65 0. 40

x5 KEBRFHEANSEREITHEERZ BRHEXRE

Table 5 Correlation coefficients between average output of reservoir group and statistical characteristic indexes of runoff
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— 2k 2 0.84 0.73 0.58 0.34 0.08* 0.50 0. 60 0.85 0.78 -0.31 -0.45 0.81

3 0.84 0.73 0.57 0.34  0.07 0.50 0. 60 0.85 0.78 -0.32 -0.47 0.82

1 0.65 0.8  0.50 ~-0.11 0.41 0.15 0.43 0.73 0.61 0.46  0.40 0.67
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