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Staged design flood calculation for reservoir using improved fuzzy set analysis method and Copula function// LI
Jiging'?, CHEN Jing', XIE Yutao', XU Zehui'( 1. School of Water Resources and Hydropower Engineering, North China
Electric Power University, Beijjing 102206, China; 2. Suzhou Institute of North China Electric Power University, Suzhou
215000, China)

Abstract: By coupling the Critic weight method, local comparison method and fuzzy set analysis method, an improved fuzzy
set analysis method for reservoir flood season staging is proposed. This method converts multiple indicators into a
comprehensive index using the Critic weight method, and then use the local comparison method to analyze the fluctuation
degree of the comprehensive index within the step size to objectively determine the flood season staging nodes.
Subsequently, the staging results of the improved fuzzy set analysis method are compared with the results of other staging
methods to determine the optimal flood season staging scheme. On this basis, the P-IIl distribution, two-parameter Gamma
distribution, log-normal distribution and generalized extreme value distribution are used to fit the marginal distribution of
design elements and determine the optimal distribution line. The joint distributions of flood peaks and flood volumes in
different periods are constructed by the Frank Copula function, the design frequency for each period is deduced, and the
design values of the design elements and the design flood hydrograph for each period are determined. The proposed method
is applied to the flood season staging and staged design flood calculation for the Longyangxia Reservoir. The flood season
staging scheme of the Longyangxia Reservoir is determined as follows : the early flood season is from early June to late June,
the main flood season is from early July to late August, and the late flood season is from early September to late October.
The calculated design flood hydrograph of each stage at the Longyangxia Reservoir shows that the main flood season is
characterized by mostly sharp and thin flood hydrographs, and the early and late flood seasons are characterized by mostly
short and fat hydrographs. The flood peak and volume in the main flood season are greater than those in the early and late

flood seasons. The rationality test of flood season staging shows that the flood season staging nodes determined by the
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improved fuzzy set analysis method are more reasonable than those determined by the traditional methods.

Key words: flood season staging; improved fuzzy set analysis method; distribution fitting; staged design flood
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Fig.1 Flow chart for staged design flood calculation
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Fisher I #ikE 6 A LaE7 A 1A 0.08 7AHAHHZEI0HLA 005 10AHHE10HTFE  0.09 0.55
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Fig.5 Comparison of fitting performance of different distribution curves for some flood peak and volume

sequences at Longyangxia Reservoir
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Table 2 Fitting performance of different distribution curves for complete flood peak and volume series at

Longyangxia Reservoir

b7 A HMSE Al
MZE Gamma P-1I JEOIES UMY IS S Gamma P-1I SEUEZS T AR AE

AAE 62.99 128.99 84.36 75. 14 711.72 762.91 708. 32 712.76
GORGLR:] 75.91 48.91 47.51 41.96 679.72 634.19 667.71 638. 54
Cn F 89. 66 160. 22 109. 92 100. 80 778.52 849. 85 775. 54 778. 84
Je 71.54 78.72 78.29 75.72 693. 48 776.78 749. 47 700. 53
Se4E 0.28 0.37 0.38 0.26 2343.24 2358.56 2423.94 2344.94
W, HITHI 0.17 0.14 0.11 0.10 2287.32 2254.16 2265.71 2268.95
- F M 0.23 0.29 0.27 0.28 2357.22 2364.07 2352.83 2356.01
Je T 0.17 0.15 0.15 0.16 2295.15 2291.25 2322.46 2332.46
Es 0.31 0.36 0.36 0.37 2449.19 2450.91 2444.99 2448. 41
W, HITHI 0.22 0.64 0.23 0.20 2380. 49 2445. 63 2344.92 2362.20
‘ FHM 0.43 0.72 0.57 0.51 2463.57 2475.09 2460. 44 2463.73
J& I 0.29 0.18 0.19 0.21 2383.96 2372.38 2390. 89 2410.90
s 0.56 0.54 0.63 0.63 2523.47 2522.48 2519. 10 2523.39
W, HITH 0.85 0.81 0.85 0.83 2478. 87 2472.59 2526.36 2488.70
‘ FHM 0.97 0.96 1.04 1.08 2555.21 2554.74 2544.05 2545.91
Ja I 0. 66 0.63 0.57 0.62 2492.91 2497.93 2525.23 2528.03
AR 1.82 1.67 1.85 1.90 2584.79 2576.39 2590. 47 2596. 59
Wi, HIH 1.67 1.17 1.35 1.37 2594. 41 2561.75 2583.09 2556. 83
. M 2.79 2.56 2.87 3.07 2622.51 2610.55 2622.97 2638.59
J5 I 2.38 2.27 2.37 2.48 2618.96 2615. 14 2648. 47 2664. 15
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Table 3 Fitting performance of different distribution curves for upper 70% points in flood peak and volume

series at Longyangxia Reservoir

foki - A RMSE A AIC
2% Gamma P-1 XTEE 75 JXHAE P Gamma P- XTBUE S I XA E

Es 136.29 191.78 133.10 135.38 427.58 502. 68 459.37 447.57
HITHI 116. 58 83.42 107.13 86. 02 437.95 395.99 393. 07 380. 67
Cn F 152. 84 239.75 149.91 151.17 490. 57 555.26 514.57 505. 21
J5 T 105. 49 182.73 154. 00 109. 16 449.10 461. 04 460. 47 457.00
Es 0.38 0.42 0.70 0.38 1618.05 1645.50 1646.94 1610. 18
W, HITH 0.25 0.19 0.21 0.22 1570.96 1550. 67 1530. 51 1524.27
- FHM 0.42 0.44 0.41 0.41 1597.72 1623.68 1616.68 1617.24
Ja I 0.27 0.25 0.33 0.35 1570. 09 1558. 83 1559.59 1565.57
Ers 0.84 0.84 0.82 0.82 1626.31 1643.27 1642. 41 1645.31
W, HIH 0.50 0.81 0.38 0.43 1594. 66 1696. 42 1599.13 1587.52
‘ FHM 0.94 1.01 0.91 0.92 1656. 88 1707.48 1686. 02 1675.77
J5 I 0.52 0.47 0.54 0.62 1621.49 1575.37 1580.27 1590. 51
e 1.46 1.43 1.42 1.44 1682. 64 1680. 55 1695. 10 1695. 14
W, HIH 1.05 0.99 1.50 1. 11 1720.78 1718.53 1723.11 1721.20
’ M 1.86 1.82 1.71 1.71 1733.91 1734.27 1741.96 1745.50
Ja I 1.17 2.08 1.48 1.49 1697.52 1694. 67 1685.16 1693.97
Eia 2.31 2.14 2.41 2.49 1792.72 1786. 58 1796. 33 1798. 84
Wi, iR 2.49 1.92 2.28 1.85 1784.93 1753.53 1766. 68 1768. 00
) M 3.07 2.76 3.08 3.41 1832. 82 1827.01 1837.50 1844.01
Je I 2.99 2.86 3.72 3.52 1817.16 1815.50 1819.53 1823.76

X AT P I I P 91 M 2 PR L TR T 0 3 )
LB RCRIRA 5 T SORAB 73 A1 0 4E fe ok 3 d k4t
BT ek 3 d it 7 9 4005 ORI, 2

A
1
Gamma Z3 A% FEHUH I K 3 d b P 5040 G A,
P-T A X e W B K 3 d ik e 3 3 B i s
ZHL Gamma 434 XHAE R 7 d kA3 U R
7d BEEALGROR B, T SR AE 5347 6 FT VU 5 K
7d i LA SR B, P- 15341 X6 5 U R
7 d BEE LG SOR B X BOE 2 53 A0 % S TR
R 15 d bR P S ARBOR A, P- 115341 X 4F B
K15 d b AT TR ECR 15 d 781
G R EAG ; P- T 43 A3 X Fe oK 45 d ki 148 781
3 AP IS ROR Y R B
TEPLIE BT 2R AR AN ) 53 % 10 9 320 2% 3 A
J&i 4] Frank Copula PR AR | 7RI | 5 IR
WY Q, Wiy Way JWisy B W5y 5 DBEHER 530
1T =HE B A LA, I X Frank Copula PRECEK &
DARSE O, .0, HATANTE, 25 R IR 4, AR Frank
Copula PRELZ TR YRG0 A A&l 6 I .
% 4 Frank Copula BB E S HSEMGEITE

Table 4 Estimated parameter values of joint distribution

=)
Z

of Frank Copula function

Ap i 0, 0, AF i 0, 0,
Q. 0.64 1.43 Wisq 2.83 1.15
Wiy 2.10 2.40 Wasq 3.18 2.98
Way 2.17 0. 86

H1 1 6 W] UL, BEAE &0 Q,, BerHERYEE S, H
WA MERAH B W /N, QL Way s Woy s Wis, FI W,
5 AN EE R A R AR LA KBUH A (HAS
T2 o W A O MR 25 55 BLARRSR B R
AR BRI 4 A1 B 65 AR B A8 Ak X
WA F A ER

WA Frank Copula PRI I = 43t K 2 1]
(AR SRS , AT 4K S 78 B AU U S
WA 3 BT 26 A0 [l B FiT 42 |, fif =2 B
WEZESE T B AR 0T 07 A ABE 32 | 9 1745 21 6 A2 By it
B o BT 238 | I AR 9 053 34 2% 43 A 1 2645
AT E R RO, WK kK
BRI S,

D v i K B AN ) Ay A Ji D o 2 gt
IKGERHIEAT 3 A I B B K 2R Z AR
N4 T SE WK FEAS [T 4% 3 BT K kDA It
i R 5 AN R UG B EST E] 1 43 B S AR P K ) R 2R A
454G, SRR ORE AR TAME ST, TS B[R] 45
R (CIngys Ay e AL AE ) 1 S e K 3 o 3 8k
KISRL . e SF WK AR o e B s Ttk R e n
7 s B BB AR S SRy 2% 3 S AR R R REHE K Y
B KT FRER | 1 B S 2 45 40 1 T4F — il ik it
eI R, 7 e —HE A ALK 32U
1958 AR TR T Rk it 2k Ak | FIERE R Y
JIERVERAE . B 7 s HELURR RN UE K O 3 R
TR 1989 ALK 5 5T 1965 A8 LK 12 2%
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Fig. 6 Joint probability distribution of staged design flood elements under different frequencies at Longyangxia Reservoir
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Table 5 Staged design flood frequency and design element values at Longyangxia Reservoir
0. Waq Waa Wisq Wisa
(IR ) 8 ] Wit WIHE/ Bt WIHA/ Wit WITHE/ Bt BT/ Wit WIHE/
B/ % (mP/s)  WE/%  (Em’) R/ (few’) BE/%  (w’) HE/% (fZwd)
SRR 10400. 00 22.78 51.57 82.75 226.76
ORLRIE! 8937.00 20. 44 43.14 75. 47 162. 83
PMF L.
F I 10950. 00 23.94 52.98 83.06 238. 62
Je 9514. 00 22.40 50.45 78.36 212.84
(RPN 0. 050 7772.29  0.050 16.73 0. 050 36. 14 0. 050 60. 46 0. 050 168. 18
P=0.05% RGN 0.048 6317.29  0.044 14.70 0. 045 30.51 0.047 54.52 0. 045 105. 39
F 0.048 7971.40  0.044 17. 44 0. 045 38.78 0. 047 61.95 0.045 172.59
Je 0.048 7064.70  0.044 16.35 0. 045 37.39 0. 047 60. 45 0. 045 154. 01
(S PN 0. 100 7067.00  0.100 15.74 0. 100 34.95 0. 100 56. 61 0. 100 160. 28
P=0.1% HIH 0. 097 5828.00  0.098 13. 68 0. 098 28.15 0.098 50. 85 0.097 113.68
FH 0. 097 7293.00  0.098 16. 34 0. 098 36.42 0.098 58.84 0. 097 166. 80
Je 0. 097 6319.00  0.098 15.34 0. 098 33.58 0.098 53.58 0. 097 150. 87
ERK 1.000 5404.00  1.000 12.34 1.000 26.63 1.000 43.31 1.000 127.39
P19 IRIR.] 0. 950 4149.00  0.970 10.23 0. 990 20.24 0.990 38.26 0.920 75.61
F 0. 950 5619.00  0.970 12.58 0. 990 28.34 0.990 47.87 0.920 135. 56
Je 0.950 4666.00  0.970 11.85 0. 990 24.89 0.990 41.21 0.920 110. 45
(S PN 2.000 4841.00  2.000 11.27 2.000 24.03 2.000 39.10 2.000 116. 18
P2 RIS 1.870 3698.00  1.960 9.16 1.980 17.83 1.980 34.30 1.990 68.32
FHI 1.870 4886.00  1.960 11.40 1.980 25. 80 1. 980 44.31 1.990 124.57
JE T 1.870 4155.00  1.960 10.75 1.980 22.21 1. 980 37.28 1.990 104. 17
AR 5.000 4061.00  5.000 9.78 5.000 20. 50 5.000 33.29 5.000 104. 30
pesa RIS 4. 560 3036.00  4.360 7.71 4.530 14.59 4.530 28.86 4.210 58.30
FH 4.560 4181.00  4.360 9.79 4.530 22.32 4.530 39.29 4.210 113.96
Jer TR 4.560 3643.00  4.360 9.24 4.530 18.58 4.530 31.84 4.210 86.28

AR K 2K SO AR XS BT PMF B HEE P = 0. 019% % I B9 A9 1.2 4%
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Fig.7 Staged design flood hydrographs with varying patterns at Longyangxia Reservoir
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