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Abstract

The equivalent frequency regional composition method is widely used in practice. However, this
method is based on artificial hypothesis and lacks the statistical basis. Two statistical composition
methods, i.e. the conditional expectation method and the most likely method are proposed and
derived based on Copula function. The Qingjiang cascade reservoirs are selected as the case study
and the impact of Shuibuya-Geheyan cascade reservoirs regulation on the design flood of Gaobaz-
hou dam site is analyzed. It is demonstrated that the results of equivalent frequency method are
systematically smaller than those of the two proposed methods, which may lead to increasing the
hydrological estimation risk. The proposed methods with strong statistical basis can capture the
spatial correlation of flood events for each contributing watershed area, and the estimated design
flood values are more reasonable than those of the equivalent frequency method. The 1000-year
design peak discharge at Gaobazhou dam site has been cut about 40% due to the regulation of up-
stream cascade reservoirs.
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Figure 1. Sketch diagram of cascade
reservoir flood control system
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Table 1. Four equivalent frequency composition schemes of cascade reservoirs
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Figure 3. Occurrence probability of equivalent frequency floods for each region and design site
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WA, XK BT 7 LR, A0 S8 — R IR 5 LU o [F) AT b X 4 R 32 AR
SERRESE TR, 53— /NOEE R, Bk AR . ARSCATHE H I 21 A B 20 i RE T K
s (AR DG, — AR AT Lk T RIS 2H B AT B o

3) AT ek

H:F Copula B E ki AKATREWITH « 7K — B& X RIRIRG - m X (Al 5ok 3 R E I = 4EBc & 400, DS
N2 FE R AR R H R R, MR PT B R AR A BE DU B T A AR . 22 4 B HE T ey U I T -3k vk
BT REAL R S . S REIR, AN IhE R AR AT R 59 LL btk , AKATEE W AT & fo st & b
5 59[54.0%, 59.2%], /NTIH AL 69.4%; 7K - K& X B A 4k & He i 29 [30.0%, 33.5%)], KT AL
22.8%; K& - X A BT o v B9 M [10.8%, 12.5%], K THIAEL 7.8%. tbak, i wrim &k A5k
K 32 B BT KA W T R A K BT S, HLBEE BT K SR R, KA T T AT o DA 3032 v
%, 7K — BE X () AR — X B A o vt B L ge i s n o 6 v U T 18 T4 3B 0 e T oK, BenT RER
YRR KATHEMITET . 7K - B@IX (A1 ANRG - s X )t K S 23 5y 438 4F. 457 40 813 4, TidEFEME
ZH KT R 1000 4. 384 4FAI 77 4. AT, [FIARZR A B AN S e vT B HE I M X 4 R

5.3. JKAHE - FRiAE ¥ ok BE X i UM B i Bk R R2 0

75 38 e LI Wi T B H VK (B XA AR R R, it AT DUE Al S KAT B - Bl o A 2 /K P o v 0L
TR IR . DUORATHEWT I < 7K - B8 X [R) ARG — i X 1] 2 Be 2 AR B R 2], 4% 1997 4R 47
PR R LEOR A5 2025 B I BET RO REZR, i N 2UKAT LK 2R AR AT 5 7K 4% 25 B 1
[LOTHEAT PR ZKATHE - R XTRI 25 18 1T TE BRI, TR - e X TR K AR RR i 1) 55
i, BRI K PE T MK R S0 - R SO R B e, RBATROEGEE, ERASB maln Wri
SEIKATHE - BRI K BE S AU G RE e o AN [RIBE TR B e 30U BB 1 DR AR VA DA B A0 = b [X 4
JIRHE SR R B KA B — BT 5 6 25 7K 2 M ) DA B L 5.

Table 5. Design peak discharges at Gaobazhou site under the impact of cascade reservoirs (m®/s)
7 5. BRIk EEAE RN A S UM BT E g R EXT L (ms)

ik 0.1% 0.2% 0.5% 1% 2% 5%
P 24300 22700 20500 18800 17100 14700

Qn 13980 13370 12750 11880 11640 11160

GETES ok 10320 9330 7750 6920 5460 3540
Bl R (%) 425 411 37.8 36.8 319 24.1

Qnm 14730 14400 12760 12210 11860 11170

st Rk 9570 8300 7740 6590 5240 3530
HIlE % (%) 39.4 36.6 37.8 35.1 30.6 24.0

Qn 14870 14510 12950 12240 11880 11270

A RE Bl ok 9430 8190 7550 6560 5220 3430
Bl (%) 38.8 36.1 36.8 34.9 30.5 233

()



JLF Copula B&HHIBEZ K JZE BTt KB IX 2 et 7

B2 5 A%, 5 NI I R AR IR A LG, A2 KA HE — B B K P TR B R () I R R
BORFEREMHIR . Xt T4 — 8 A R U T T LK, s LM B T A e 3 pR R AR UL 1) 24,300 m¥)s
W/ A[13,980 m¥/s, 14,870 m¥/s], HIK[38.8%, 42.5%], “FI40.2%; X T EAE @M S, HRREN
7 18,800 m¥s J&/N [11,800 m*/s, 12,240 m*/s], IIK[34.9%, 36.8%], T3 35.6%. —FhHhIX kit
L RANZEA K, 5T Copula AP RIALEAILL, [FIATR AL RIS R R Gi /)N, 0] 210 =
T T 8D 7 9 PR o 3 IR — & SR P Ji R T R 2 [ 4014 A s i s 7K AT K T T H 0045 vy B0 BB 18T [ A3 236 v
K, K = B IX TRV FN R — s X TR DU 23 31 e R B2 PR kK, T LS Gl AR antt . JET Copula bR T 26141
BB A AN B P REZE U 78 % R T /K AR BRI . 7K - B DX (DA R — s DX R 7K 8 AL 1 R 2 [ A DG A
HABSRGT AL, FINRFA % WL bR

6. &it

BE0T B AT AR BT AR R R XA B — e B, Gerh B RS Y e, R
Copula FREHER T WAl BLAT Goit SEab I BA SR B BE T K X 2R, BT 1 30 B A R B Pl RE2H Al LA
T T IR e L S0k 0 T ) 8 K s DX 2R e A 9], %o DA b = ol b X A Bk A7 LB 7, AT T ik
A B~ BR VAT A 25 7K R R YR AL ) = S0 W T v T /K s, m] LAAS B0 R 4518

1) 2 LIERAOK PRI E 52 m, o T vk 0 I B ORI, T — B BTt K A g
N 40% 75 A7

2) [FAZL A — e AR, HEBEA R TREH LN, WA R EORS HIX A A, HgiitK
R R GiA/), BRGS0 v T 0 B AU

3) %:T Copula R £ A A4 3 B 28 ORI S5 T RE ALK, 787325 HE T 45 40 X 3k 7K FA) B ATLAE: R 2 [R)AH DG
HARGRM SR, s,

E&WE

[ 5% H R Bl % 4 (51190094, 51079100) .
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