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Abstract

Correlation rules of summer and autumn floods can provide a scientific basis for the autumn flood
prevention and impoundment of Danjiangkou Reservoir, and are conducive for the reservoir’s
flood control, water supply, power generation and other utilization efficiency. The optimized Co-
pula function was used to establish the joint distribution of summer and autumn flood peaks and
maximum 7-day flood volume respectively for Danjiangkou reservoir. The distributions of condi-
tional probability during autumn flood season were derived and analyzed when the flood peak
and maximum 7-day flood volume during summer flood season occur with different grades. Anal-
ysis results show that there are certain regularities between the summer and autumn floods of
Danjiangkou reservoir basin. When small flood flow occurs during the maximum 7-day flood vo-
lume in summer flood season, the probability that less than 20-year-frequency flood occurs during
the maximum 7-day flood volume in autumn flood season is 95.3%, while the probability that less
than 50-year-frequency flood occurs is 98.1%.
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BF LR DK B K AR RIBE K AR SS eI, T DA 1K BERKRSS B7 BE AR Al 8 K SR it
B, ARTRSRIEKERB. kS RBELESFIAR. FAMRER Copula$E L FHL
H 7K B B R AR BHERT B R 7 H R BR & 20 A7, FFREAT R AR T, B HRAUHSEN R A7 B
BRARNAZZVOKE, KA RFARRNBOKERI DA DPrEREH: FHLOKEEKRG
KESEMFELEA — AR . SRR K7 BB RAENHKE, KARKR7HHRERE/D
Fo+HE—BRBKBEEN95.3%, RAEDTAHF—BRYKEEAI8.1%.
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1. 518

PRI K PR AL DT RE _Ei — FELR A P KRR MK AL, 5 B K AL T Hh 2 TRE AR,
FEVGEIT R DAL ORBEIE TR, BB, Bk, RHEBEZRThEE . Wil AR Bt 22 4 5 ok
MR 8] 5% F 2 B T e ) — DN L EAE 55 I KSR PN Bk S S b BOR - SRt BRIZ AT KAz
ENATEHIASEAT & KA, A2 H AT K Ptk SR 2R 1 2 2 TR iz —[1].

TR IERTE K BIITAa i AN & AT SIS, 2 & AR R FEE SO LI AN 5T, RN A& 7K
JE B K SRS T ST RO A o A BRI 70 B R B Sd S T T SRR BT B & AT RN L 3 1] i
BERRAR[2], BEREAI I & AT UG HT CAT IR E S, MROKIE LR G E SR AT & KT 5. TR
KPR OCHES 1, ERORBI B 22 AR IR T, IEBR AT REHLIUE IS HLE /K, DLORIEAS KIS 6K
BRI, BRI IR AT & A 7K P Rk 27 A 36 20 BE B AR R [3] e AR SO PR H K P ¥ =S 5 AT
WK IR VEEAT W FE, I Copulabf B SLER & 70 A, 70 T BT AN R SRR I LR - AR A A=
BURKIRAFMEAR, K ESERT B KRR A KR, ORI 2 AT T, Je 0 RIEKERHUKR. &k

LA A R PR A
2. BTRESHHEXMEIH

EREPHL KPR 1954 4:~2011 4 H i & RIS SOK SCE R A SRR EHRE, SRR IRFRH
T[4 BERG T AT [5]s RGNS BT [6]5F 751k, B OB PR 1 KRR (R 2 35 50 R
R4 R 2N (6.21~8.20) . i 111(8.21~8.31) . AR (9.1~10.10) =0, BT EIHNALAE 1956
8 H 23 H. 1993 48 H 27 H. 1976 4 8 A 28 HRAE T =3B/ gtK,  [RII 42 8 )45 HARIE 31133t
IKEURE, PR EOKER R S A, %6 A 21 HE 8 A 31 HIENEMMFA. 208 =
TS KA PN B R b &, 75 38 B Rk e 3t B AN S BT RIR K 7 H b S, JFb AT A e e Hr

2.1. FHXKRIE
Y (B e AR (A 2R AN R AR EE RO5EES, R E MRS ERR AR, XA R &A%
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PRI K 2 SRR 7K AH S Pk AR 7

FHT7]e B AR ASBEALAS B AL A S R o, AR BB RME SR, ez, MIARK AR
B RE N HAE, A RMER AR R ASE, BB, BT RE LA R B
AERMFEAM KRR RILH WAL EX R RBRE TN TRATRE, XM T A% [8] .

He BRI IR A B AR K 7 H st A A W41, SR A Pearson J7 it SEAH R R4
r[9]e RAZFAAGYG T HAHRME SAHSCRE L o BN IR, HO: MORMEORE; H1: MRRIMEANE.
WHE R r AW

M

A nNFEAR. Bla=01, EtOMERS,,=1.672, RARQ), HiHr,=0218. & ¥E i EriI4axt
ERT e FHUAr I, WHAEL R, BB AL SR A OCPEA R SGeit SEr A0 HE /N T I B B
M2 JE s, LRSS R A AR ORI AR .

SRR I A0 B AN R AR TR K 7 H () Pearson AHSME R %02 I8 0.37 A1 0.40, M3l id FAH A
5, VLU R EAA A, WUk B EECE A S B

2.2, IDESTHHITE

ARAEPHL PR EEA A LS R, R OKRIK i TR Rtk vH SRE Y [10]7577%, HESKR ZRUIHAIRK
T 73 oK. SRAMEGE IS, TR 2> 1% i BEE SRR A PR A2 80, VR IaR
B, WA fEgEmESH, 4R IE 1.

2.3. BFESHENL

Copula REUE & UIBON[0,1], 510 Z 480G Ak E11]. H Sklar BB, & X Y AIELLN)
BENLAZ &, GBI RN R, MR, F(xy) NEE X MY BIBG AR E, AR ME— 3 R 2
C, (U,V) {13

F(xY)=C,(Fx (x).F (Y)), ¥y (2)
A u M v oABENI A BRI E0 AR R B 0 9 Copula MBI Z %, W 1 H 5 Kendall B:AH ¢ 2B K &

K.

FER ST, % B Copula B%0f5 Gumbel-Hougaard. Clayton F1 Frank[12]. Nik# &
(1] Copula BR%, SR 25 22 75 Flds /N HE I (OLS) K AN Copula J7 A 21, HEEL OLS 5/ Copula
VENBRSE B [12]. OLS Myl HARWR:

Table 1. The estimated parameters of P-II distribution for summer and autumn flood peak and maximum 7-day flood volume
2 1. BERCRHERNSE X 7 BEERTIE P-IN ESHSHMEITHE

ZH
X Cv Cv/Cs
Qmz (M%) 11224 0.75 2.2
Qni (M¥s) 9215 0.88 2
W75 (m?) 34 0.65 25
Wy g (M) 33 0.79 2
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oLs = %Zn:(Pe _P) 3
KA n AFEAREL Pe, P ArBINSIIEFIEIS AR

OLS fIitBas Ban 2 fion, M 2 aTLAEH, OLS fE#x /MK Copula B& %4 Clayton g%, Kb A
Yk HL Clayton Copula 1 k45 e6 %

THEERCGRAEIERfR R 7 HEEREBAIE N ER A E SR ME, SeHER N AESER
orAAE, 33 1) M 2(a), HEMEASC R B 10y 0.9954 1 0.9758, 5t HL 45 7 A ARG 73 A W)

Table 2. The optimized results of Copula functions
5% 2. Copula eR B fLiELE R

—_ Copula i
. — " Clayton Frank Gumbel-Hougaard
BHE — v g
0 0.58 2.1 1.29
Qm
OLS f& 0.031 0.035 0.039
0 0.53 1.96 1.27
Wy
OLS fi 0.041 0.043 0.046
100

9 | R?=09854

B AT P(%)

0 10 20 30 40 50 60 70 80 90 100
Lo STRP(%)
@
100 .
90 I e g
80 T Hip AR
70
p (%) 60
50
40
30
20
10

0 20 40 60 80
LNpag
(b)
Figure 1. (a) The correlation of empirical and theoretical distribution of

peak floods; (b) The plots of empirical and theoretical distribution of
peak floods
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Figure 2. (a) The correlation of empirical and theoretical distribution of
maximum 7-day flood volume; (b) The plots of empirical and theoretical dis-
tribution of maximum 7-day flood volume
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B (1 P R ARE I WM M B AT AT TH PR R B 5. 1 1 AA] 2 3R, Bir o i R ARk
WK 7 Ht R A& A i & BT AT

KH Clayton Copula pRHUOR i ST X ARt Y (IR 0 A1, TGk X ANAKTRIY
Prige Y (A AT B e 3(a) R, Bk A S EZ B W 1] 3(b) s

K H] Clayton Copula p&HCRAIE R ITIHIERK 7 HittsE X MBI K 7 HitE Y ka2, =R
WK 7 Bt X ARG SR 7 HittE Y IIBCE A BN A(a) fros, BRG  SS(E 2R B an 1 4(b) B
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3. FHMBSH

WRAE ORSTRERIURATE) B RHUE3], BOKERR AT 1) KSCEREINT 5 FH
BOK, NNBOKs 2) ARSCERBIIATET 54, /AT 20 FMHK, haElK; 3) KICERED
WK TEET 20 4, /T 50 4ERIEIK, NRUMK: 4) /KSCEZRFEIUYRT 50 SERIHK, AR RBK.
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Figure 3. (a) Joint distribution of peak floods during summer and
autumn seasons; (b) Contours of peak floods during summer and au-
tumn seasons
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Figure 4. (a) Joint distribution of maximum 7-day flood volumes during
summer and autumn seasons; (b) Contours of maximum 7-day flood volume
during summer and autumn seasons

4. (a) ERCREARK 7 BHEKASHE; (b)) ERCRHARK 7 BE A
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Table 3. Conditional probability distribution of autumn peak flood
7 3. BOREHIERN R ES R

R BRI A A% <20% <10% <5% <2% <1%

NIk 82.1% 91.1% 95.6% 98.2% 99.1%
K 72.1% 85.7% 92.8% 97.1% 98.5%

Ktk 70.7% 84.9% 92.3% 96.9% 98.4%
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Figure 5. Conditional probability distribution of autumn flood peak when summer
flood occur a specific magnitude, (a) flood peak; (b) maximum 7 days’ flood volume
5. BRHRHUK & S 5 E SRR ROTAIEM R RS, (@) #HE;
(b) A7 HitE

Table 4. Conditional probability distribution of autumn maximum 7-day flood volume

4 RORHIRA 7 BAEBRFHHRSHR

Em\ﬁﬁ;/ﬁ\%gﬁ\ - ﬂ‘“ﬁf‘*ﬁz <20% <10% <5% <2% <1%
/it K 7 81.4% 90.8% 95.3% 98.1% 99.1%
K 71.7% 85.5% 92.5% 97.0% 98.5%
Kigksk 70.4% 84.7% 92.1% 96.8% 98.4%
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A ANBOKIR BTG R A N BOK BEREOR, R A rp SRR IOBER R . S =g Kk
AEBOK KR ZOBOR, AT R A R K RO

M7 4 TR, EIUNECK 7 PSR AE/NIUKE, BT ECR 7 A E R A/ T T — 8 itk
WA 81.4%, KRANT A @Ky 95.3%, KA/NT T HE—E oK)y 98.1%, M
B U R 7 HE AR /ANBURRT, BRI ECR 7 Bt R AR NIOK OB BOR, A o 45 KA
KUK FIBERAR AN . 2 IRk 5 AR ORI ZOBOR, BRI A KK BER K

4. #5ip

ALY S E ARG K 7 H s Sl SR AT A4, IR g BRI e G 23 A AT SR A
RANT o HHAAFMEARR M AT s 2 BRI G i A /N KT, KRR 8 R A /N T A — B I K
N 82.1%, KANT AHE—ERU KR N 95.6%, KAENT I HE BRI KRN 98.2%, LAY
BT BR VA R AR /N KR, R 2R /N K IR 2R 0K, R AR R A /KR R K TR AR /N e 2
AR R A K B R, BRTR R A R ZK BRSO 2 U AR 7 H k& R AR/ NOK T,
ORI R 7 S R AN T TR — 1B K 81.4%, RA/INT Bk 95.3%,
RAENT AAFE—1E K EEZ N 98.1%.
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