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Tab. 1 Determination of index R of future flood situation

F8hR R 1 2 3 4 5 6

**?‘;"‘l\:7k‘l‘%=§vh‘ Ql‘gQ? Q') <QF£Q1<7 Ql() <QI—‘§Q25 QZS <QF§QBO QS(J <Ql-'£Ql(m QF>Q1()O
W LQr R T A TR S A9 HE K
1.3 RERDHH
TE g ST K IR Wi s bR F AR S K i $g bn R 09 LAl b, 5 (S BV 09 JE 3, 6 oE oK TR AT S




%34 FH . RAEGHENGTRES ASBEEWFRE LR 23

B UETR bR FAL
1.3.1  POKBUELT S Wi

HEET I I K R — AL A B K BOR R OK A8 bR F A1 AR E K 5 #3845 R B VR A 2 B BE AL
A i A SO HE B R A HAS G . — N E BIR R AT A SR AN E Y e T DAAR B L B
R ARE ok Bt WESR KL IR LS 2, N 8 TR/ 5 S22 SRR/ S R BRI S 20 AN M el K. 81 ok Iy P A5 5 A
X K S AR AR AT R A BV UL K FUE KT 5 A 0 PR eRE R MR p (U RR B P IS A S B A R
B 2 PEAE T4 F AN 1t 2 F0 L B

F(pisp)=f(p)+ f(p). 7
[i) B 38 22 3 PR A A5 1 %) BRIV R X ek B0, B
f(p):1b%:*lbp. (8)

TEAR B T % B0 AN 2 5 — A I TA) & AR B AN M T 22 TR A BV R I A ] g &k AR R O Y P 2
K%i'@-%fﬁ‘ﬁ?ﬁﬁ n ﬂ@ﬁ:xl LI IV OF IS T RV A% a%ﬁ’lﬁ?&xﬂlm*%%yﬂp1 sttt Dist Py 9J£[:E?J‘aziﬁﬁi$:
> W5 B H ()RR A

H(z)=— > p.Ib(p,). (9
i=1

HRGEBA N BRI I p, = HIEA DD H .

0

H(x)=—, ilb(ijzlbom. ST

n,

XFFHREKA R oy AT E P RR N H (x,y)

i=1 M

H(z,y)=— > p,;1b(p,), (1)
(=1

K, py WAHSCECF A o0y JERIE AT AR B SO 48 R K BUPCIR LA A F A R LK 1% #4486 A
R ILFEAVER TR mA B Gl H =0 2 —D#d S H =1 8B A Witk Q8 m —H:G =
258 — BT IR —DBE(G D &GS WK BUE LT A E o0, 53000 R AR A SR B T it
KK EMATRENE  Hof n, =5.n, =6, I, 30 Pl BEAY LS .G (o y) BRI RLAY T2 KT 540, Wit e by
3ANFELT S K kTS5 () 3TN 64T (Green Tos2 M) ; 85 4T (Yellow F LS ; 2147 (Red
LG
1.3.2 PR UE RS bR T
FE LK TV 2R G2 1B 5 b K 0 AU J2&: K IR R K H8 A F(F =1,2,---,5) 5K KRN 48 b5
R(R =1.2,+,6) (IEEEVEHL I T 455, BTl FAI AMUS F.R A%, B R W A R E. # FAT a]
TR N
FAIzlog”F (F)Jrlelog”R (R), 12)
HH, np =5 =6,F =1,2,++,5,R=1,2,-,6,# 0 < FAI <k + 1.k HIEGEL (k # 1).FAI 7EARH
IX 8] o AR AT 5 e FAT W0 1R Cud) H
i—1
m, — 1
Mk =2 W, FAI FEARTR X 8 (I E 5 .0 < FAT << 1 HEIT(G) 31 << FAI << 2 HHEAT(Y) ;32 <
FAT <3 RWZLAT(R).

ul =k +1,G=1,2,ymysm, =23). (13)

FAI = f(F,R | P,) =log; (F) + 2log; (R). (14)
AR F.R A QDR IFES FAL LTS X533 2007 5 #5325,
1.4 ANERH KB E 70 KL
K PL 2 AT AR, LUE BB R 3R, DA S 40 o S i), dE AT By k45 A 25 00 Bl ) 98 3. D 24 1 B
BRIT (GO T L 38 24 2% 1 /K B (R 33 5 5 A L DAt /K 9 R Ak 10 ) s s AL o R R SR R @Y AT



24 AHEIFERFFRCRHF R 2022 4

CY) T I ARG B e /K P78 1932 P B SR IBORH I B 38 B2 K T itk 7 55 O 24 M BREL AT (Y T8 ik i £ By ot 1
P2 4 ABE AN B0, & Bz FH K 23 0 5 8t B 0, 20 W D 48 2 i Bt oK % ROR) T BT U TG A9 A A
3.
£ 2 KEFAIRETSH K
Tab. 2 Classification of reservoirs FAI warning lights
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Tab. 3 Characteristic water levels of Longyangxia reservoir and Liujiaxia reservoir

in the upper reaches of the Yellow River basin

K P BEIKAL/m EH# E KA/ m WBRIK A /m BAZ AR AL/ m BEZR/AC m®
Te 2k 2 530 2 600 2 594 2 607 274
Xl 5K e 1696 1735 1727 1738 57

x4 BEARSLEREFRR IKIKHKUC~ETXER
Tab. 4 The relationship between water level and reservoir capacity of Longyangxia reservoir and

Liujiaxia reservoir in the upper reaches of the Yellow River basin

e KA /m 2 530 2 540 2 550 2 560 2 570 2 580 2 590 2 600 2610
JE4E /L m®  53.45 72.13 93.36 117.78 145.29 176.06 210.11 246.98 286.28
Xl K vk KA/ m 1701 1705 1710 1715 1720 1725 1730 1735
JE4E /4L m® 10.98 13.32 16.88 20.86 25.47 31.19 37.45 43.83
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Tab. 5 Limiting water level at the end of each month m

KB 7 A 8 A 9 A 10 A 11 A 12H WH1H  2H 3 A 4 A 5 A 6 A

T = Ik 2592 2 594 2 595 2 600 2 600 2 600 2 600 2 600 2 600 2 600 2 600 2 592

X1 5K e 1725 1725 1725 1735 1735 1735 1735 1735 1735 1735 1735 1725

R 6 Ik~ X Kk X 18] 3% T KRR R

Tab. 6 The table of design flood results for the interval of Longyangxia reservoir and Liujiaxia reservoir

HEoK AR/ %
FEAEAE ¥ifa
5 2 1 0.2 0.1 0.01
BEIE R/ (m® « s71) 220 466 576 662 860 940 1220
H¥EBaE/(m? « s D 165 347 426 488 632 693 893
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RT R FUR XK E AR E SOk R E

Tab. 7 The control flow with different flood frequency of Longyangxia reservoir and Liujiaxia reservoir

B/ % 5 1 0.2 0.1 0.05 0.01 PMF
T/ (m3 « s71) 2 000 4 000 4 000 4 000 6 000 6 000 6 000
XN ZK e/ (m? « s71) 4 290 4 290 4 510 4510 7 260 i 5
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Tab.8  FAI early warning signal represents the lamp

R UEKFH R
1Qr < Qs5) 2(Q5 < Qr < Q10) 3(Q1 <Qr < Q2)4(Qs5 < Qr = Qs0) 5(Qs0 < Qr =< Qi) 6(Qr > Quoo)

KR F

1 G(0) GC0.77) Y(1.23) Y (1.55) Y (1.80) Y(2)
2 G(0.43) Y (1.20) Y (1.66) Y (1.98) R(2.23) R(2.43)
3 G(0.68) Y (1.46) Y(1.91) R(2.23) R(2.48) R(2.68)
4 G(0.86) Y(1.64) R(2.09) R(2.41) R(2.66) R(2.86)
5 G(D) Y(1.77) R(2.22) R(2.54) R(2.80) R(3)

W 0SFAI<1 NG ; 1<<FAI<2 R HIT; 2<<FAI=3 JLLIT.

PL 1989 4] it K Ry ], o ATt K B B AT 5.6 H 12 HZE 6 H 16 H R HE R S8 6 H
17 H&2 6 J 23 HAR AR KIAF] 265.7 mm , 22 Pl S HE I G 5 Ry 5 670 m® /s, £ T 2 e 5 X1 S K
AR G o7 b 3 R S 8 ke g B Ry 3 530 m? /s AR (5) TS ARR A K K WK 1) i (GO A B (R, SR B Y
7K A UL AR 25 Sy i BE S w7 551 (R F = 3) L 1M 7E AR 2K 6 /MBS g W v Sl X0 794 2 A9 Bk 5 9 B TR Ol 17 =2
PP B A 2 140 m® /s, AR K SR R =3, Ml (1O R Je 36 8 143 FAT=1.91, BIAR 45 5 1% 1 19 151
B R K B UE LT 5 Y B, B Dy 6 T A W PR IE 22 JH BT 350 m® /s B AR AR A

2012 AF BT bt K ke I i R VRR SN AN b K B R, 2k e XA R R T E AT 52 T B i) it I
TLEA 2 710~3 520 m® /s, 2% M 3l S LW 37 5 R 5 600 m®/s. 285 Mo 2 ke 5 00 5 0k /K P2 ) B 45 I AL 80 B
FESC DN B PR AR B O 3 670 m® /s, THIRAS B Y Ak K 8 UL DU AR A Sy E s e S0 (R F = 4) TR R Ok
6 /INSS T P, T 0 T A IG5 R RE L T DR T 22 N R R Y 1 930 m® /s, ARSR MK SR R =3, 4R
DO L R 8155 FAT=2.09, RIAR 9 By it 711 10, FHC e vk it K B BUE KT 5 D R £0 67, By 21 40 1%
BF o7 G A 2 DR AP A S DA Mt KORT A DX 9 9T 9 e L 7K T DA R K A A AR S

7 FH AR J5 B X Bk 7K 028 8 8 W B A6 AT 40 A, A3 A B 1980 — 2018 AF [ia] 7K A2 Jh A AN [) i ik 7K
REGIE AR 9 Frm GRPBUT 2R KA R G0 HEK B ST CRD .

F9 1980—2018 FEIKEZEAFBELKREZITERRERFTESHR
Tab. 9 Statistics and rectangular square distribution table of reservoirs with

different degrees of flood disasters during 1980—2018

) SLRAT S ) SBRAT S
GHEH BT 5 i CA;/% GFEO BT 5 CA: /%
G Y R G Y R
G 182(%)  367(UR) 0(UR) 56.77 R 0(OR) 120(OR) 12(%) 9.09
Y 126(OR) 93( %) 8(UR) 10.97 PA; /% 79.28 16.03 60.00

HECA; 1855 i NMT 5 BUERG B (Calculation accuracry) ; PA; #8585 j AT 5 B MERG B (Produce accuracry).

W AR b R PUEAT S UL 1 o BRI S UL Ron Hob i =1,2,355 =1,2,3, 40 MR KT 5
G, Y. RBRY i =, i R EST S 5EBREOART )2 0 <7 j I, RIS LT 5o T BA AL,
SE R A KRR B H A i L IR Al R 22 (Underestimate rate, UR) ;24 ¢ > B, FUHE R T LT S 0 FRSF, 52
B L 9B 1) /KRR BE 52 L iR A 1% 22 (Overestimate rate, OR).

AR STy T T 4 BF 5 2 AR AR TR SR 8 DU i 4 A PR SRR IR 1980 — 2018 4F i) /K J2 ke AR Tk K K 5K T
2 T WER PR B R A B A AN TR A AR Ak L 2 LS. ER T B T U B A E M AR T A B A R
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Fig.5 Accuracy analysis of early warning for reservoir flood control
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Research and application of reservoir flood risk early warning and ecological dispatching
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Abstract: The uncertainty and real-time of reservoir flood control operation, when and how much flood discharged are
not only related to flood control safety, but also a great challenge to ecological protection. Therefore, the early warning index of
reservoir flood control operation risk is proposed in this paper. At different flood levels, reasonable ecological flow and ecologi-
cal protection strategy are determined. On the basis of analyzing the operation rules of reservoir flood control. the flood inflow
situation and the current reservoir level and the future flood situation are considered, to monitor the flood. Through analysing
the current flood index and the flood situation in the next 6 hours, the order of importance between flood control and ecological
scheduling is determined in different stages of flood season. Taking the joint flood control operation of Longyangxia reservoir
and Liyjiaxia reservoir in the upper reaches of the Yellow River as the research object, the flood early warning model was stud-
ied and applied. The risk degree of reservoir flood control operation is determined to guide flood control and ecological operation
of multi-objective reservoirs, providing decision-making support for ensuring the safety of the Yellow River. The ecological pro-
tection and high-quality development of the Yellow River basin are supported, which is of great significance.

Keywords: flood control dispatching; ecological protection; flood warning indicators; fuzzy set theory; the upper

Yellow River
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