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Abstract: A joint distribution function and conditional probability distribution of this samples using copula
was built and inflow series in September were obtained by stochastic simulation method. Furthermore, a refill
operation optimization model of the Three Gorges Reservoir was established in this paper to derive the opti-
mal refill scheme. The results show that the optimal refill scheme depends on the reservoir inflow in late Au-
gust. In the wet year, refill begins in late September with storage level reaching 166 m on September 30 line-
arly. Comparing with designed scheme, the scheme can generate extra about 1.57 x 10° kW-h electrical en-
ergy (by 1.46%) and save 10.72 x 10° m’ water resources (by 12.89%) annually without increasing the flood
control risk; In the normal year, refill begins in middle September with storage level reaching 166 m on Sep-
tember 30 linearly. Comparing with designed scheme, the scheme can generate extra about 3.45 x 10* kW-h
electrical energy (by 3.40%) and save 22.59 x 10° m® water resources (by 34.19%) annually without increas-
ing the flood control risk; In the dry year, refill begins in early September with storage level reaching 166 m
on September 30 linearly by strengthening real-time monitoring. Comparing with designed scheme, the
scheme can generate extra about 5.50 x 10° kW-h electrical energy (by 6.12%) and save 19.18 x 10° m® water
resources (by 51.89%) annually without increasing the flood control risk.

Keywords: Three Gorges Reservoir; Early Refill; Refill Scheme; Optimal Selection

SRk EERR AT K 5 R IR

F @, A%, FAL, AR

BUR 22K IR S K B TR 2 E R s %, IR
Email: liyuwhu@163.com

R E W 2013 43 H 27 H: BEHEWY: 201344 H 12 H:; FHEW: 201344 H21H

¥ . N Copula BRECHIEE T BG40 MR MEZR 400, lid BEATAE B0 B =K 9
A BENUNPER P4 G TR AT & KT R, TR H T 8 A FRAFERKESRT, =
WK 9 A AR HRHT & KT R ESE. R RERH: 45 8 A FakAKCHFEK, W9 A THEE,
HIEB S EKE 166 m, BIEEI TR, EARMYEREE AT T, 24 P8RRI 1.57 12
kW-h (1.46%), FE/KEW/N 10.72 12 m® (12.89%); & KACHTK, M9 Adailes, ARMAEKE
166 m, BFEBIITE, EAMPI AR T, 24 PR BRI 3.45 12 kWh (3.40%),
FEKEIR/N 22.59 12 m® (34.19%); # KKK, @ISR sLm i, We] ik 8are o A Lk
&, ARISEKE 166 m, BIFBIT TSR, BRGNP ETIR T, 29 P35k BT 1

HETH EK AR S (51079100)F E 5K+ — FRHE L4 RI(2009BAC56B02) 5 H ¥ B .
{EZ . 2556 (1986-), 5, WEgEON, HLFeE, EEMNFHKSC KK T R .
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JI15.50 12 kW-h (6.12%), FF/KE/N 19.18 12 m’ (51.89%).

REIA: WK SRATEK BAOTR: Uikt
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FHE LSRR R R, XA
BT o ALK HPearson. KendallflISpearman —Ff & H 1]
JTE R R AN RAG R AT BE TR,
HRARR:
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b o AREARL. BT R R E EE R p < 0.051
PEIIRIANAR RAAI G R, <77 2R 4p <0.01
i, BEAR AR R A DGR B, <7 FR.
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IR, =B AR TR EY, —F A
BAEW BE MR, SaFEERE T MES
T
Table 1. Test of significance for the flood volumein the last teen

days of August and September
R1 8ATHMA BHEFTIRE KL

T PRI r{H p 1B
Pearson 0.39 0.000("™
Kendall 0.27 0.000("™)

Spearman 0.40 0.000(™)
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2.2. £F Copula HHEHMES ST

2.2.1. % Copula 5%

Copula R E IBCAN0, 1], 32504 2 4Bk
By RE. H Sklar BEE, W X . Y NIELEMEEHL
B, AR RN F, FE,, F(x,y) 5
XY (A AT, WAL — HIERHC, ()
45

F(x,y):CG (FX (x),Fy (y)), Vx,y 2)

A u A v NBENLAS & L2046 R 6 4 Copula
R SE, TTHIHEYS Kendall FiAHXE RS r KR
K15

T:(Cj)ileig"[(xi_x./)<yi_yjﬂ Q)

i<y
e sign () RFFSEREL 2 (x,- —xj)(y,. —yj)= 0 i,
sign=0; (x,. —x‘/.)(y,. —yj)>0 W, sign=1;
(xi —xj)(yl. —yj)<OHﬂL, sign=—1,
TR ES, ¥H Copula BEH
Clayton. Frank Ml Gumbel-Hougaard, NiEF i A&
f¥) Copula PR, SR %175 /M (OLS) K b
#r Copula 77 A R, Ikl OLS # /MK Copula
PERNEREE R 2, OLS Wit AR
oLs= |13 (Pe, - P)

n -

“

K, n ARG Pe, P ATHIRAIMZF L
MFE 2 ATLLE 1, OLS {E#/IM Copula BRECH
Clayton PR%, AR Clayton Copula 7E AEK4LE

222 BIBEST

HE B E K R — AR P-TIT A5,
KL EA T R SE, 15 we AT wo XS 8
BRI RESx - C, M C 1A, IR 3.

B wg 1wy BE A LI P2 TG0, 425050
i SEREEA M A RCR RN, RESH LT
0.75, 3% 0 1F4 Clayton Copula IS5 6 [l 1118 -
HRAE Sklar’s & #E, W] LA E] wg FT wo IIBKA 7310 B 2L
F(WS,W9)7I‘7:
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Table 2. Theresult of optimization for Copulafunction

$22. CopulasR#ifitik s R

Copulabfi 018 OLS {#
Clayton 0.75 0.0175
Frank 2.60 0.0217
Gumbel-Hougaard 1.37 0.0236

Table 3. The estimation of P-111 parameter for the flood volumein
thelast teen days of August and September
3. sA T AMIA AR RTINP-1 | B HSHETHE

At 4R
f CV CY
wg 281.18 0.31 0.62
Wy 676.81 0.26 0.52
~ . —1/0.75
F(Wx,w9)=(u 075 4073 —l) (5

¥ 129 4EHT we F wy AR IGERA AT 5 FE IR Bk
EOMERSRRIE 1, HEMMKREN 0.9958,
Ui B LA 00 A R A AW A ARG . 1B 2 B4t
— b A 2K B A UL A 8 1) 446 60 Bk o A AN BV B
B ATHAT TR, B R AR A I DME )
g AT AT E TS . B FIE 2 R,
BT we AT wo IR 23 AT 2 & BE AT AT 1)

2.3. FHITEEDH

M 8 H Al R A K[62.5%, 100%]. ~F
IK[37.5%, 62.5%] &% F7K[0.0%, 37.5%], BI44%5%E 8 H
THHEX<x . x<X<x, L X2x I, 9
Bk &Y, 1) SR AE SR A 53 A

mek(XaK)—P(Kﬁleﬁxk):F(x) (6)
X k
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_F(xp0)-F(5.7) %)
FX(xf)_FX(xk)
FYle_/ (X’Yi):P( i£y|X2xf)
Fy(y)-F(x,.y) (8)

34T 8 A NaRAEMK. FKEEKE,
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Figure 1. Correlation between the empirical and theoretical prob-
ability distributions of the observation values
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Figure 2. Comparison of the empirical and theoretical probability
distributions of the observation values
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Figure 3. The conditional probability distribution of
flood volumein September
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Figure 4. The operation chart of impounding water in advance
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Figure5. Theresults of statistical indicatorsfor flood control risk and comprehensive utilization benefits
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Table 4. The scheduling results of different impounding water schemesfor thetarget of refilling reservoir to 166 m

4. AkEKBIRAL66 METFRRMEKBEEFRER R

FHIEAE BIKITE B R /% RHER/AL KW-h FKEAZ m?
R % 0.10 106.23 83.14
9H 1 Hile# 247 117.03 4455
FKE
9 H 10 HigE 0.26 110.73 55.56
9 H 20 Hig# 0.10 107.80 72.42
R % 0.10 101.57 66.08
9H 1 Hile# 1.50 110.77 33.96
SEAKAFE
9 A 10 Hile# 0.01 105.02 43.49
9 A 20 Hile# 0.00 103.30 57.28
JR 7% 0.10 89.81 36.96
9 H 1 Hig#E 0.59 95.31 17.78
KA
9 H 10 Hig# 0.00 91.50 23.59
9 A 20 HiEgHE 0.00 92.33 31.63

Uk, e IAE B R € DX I i 3 o, e X
R HEUE R ER AN . FKFMAT, Tl
FHRHTE KT R, WAAEAFIRR B R, (H9
H20HUUG#EE, 9AKEKE166 mKELLTR, KR
R0.1%, 55T ZEHAREAEE SFKEH T, 978
HUUE#E, IHEEKEI66 mM LT, KA
0.01%, /NT0.1%HWiH4ritE. OH20HLUUERE, 9
HIKREKZE166 mELUR, K2 H0; FiK&MHT,
IOHIHUERE, IAKEKELI60 mKELLT, KR
90.59%. 9H8HLLGIEE, IHKEKE166 mi& L
T, KB EIEIH0.

2) REEITH, 487 N7 K AEF KK
B, FFERRE R RAEKE T, KB,
FEIAE B AR L DX S B, 13 X S B (I
Wg N WRATTLLEH, KB K HFRA166 mi,
MOHTHEFIOH20HEE, FKFMT, KHEEM
117.0312kW-hiZ#iJ8 /N $1107.8012kW-h, 55 ¥ it 7
£, OH20HEETE, ZHE TP RKBEIEM.ST
{CkW-h (1.46%); “F7K KA, KHEMM110.77/2kW-h
BTN E103.30/2kW-h, R E, 9 10H
EBEHTE, ZEVFHKEEEIN345/4KkWh
(3.40%);: MHALAKZEMET, KHEEMNS5IMLKW - hiZ
/N E90.864ZKkW -h 7 SUZWT 151 392.33/2kW-h, H
JRIA S, M HARE KA — 2, BEE RS AR,
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HCE 2 TR LRGN, (HTFUEE 7K 5 B i 1] Py T
BRI —P N, KR N — N, NEE.
HBEFI B REA B2 S5 4k, WOR R R S
JEME A IR BRI TR, OHIHEE TR,
AR R B AT 05,5014k W -h (6.12%).

3) FKETTH, U8 H P AIRAETFK. K
FRGKES, FREREZER HMEKBER T, FKEK
VAN, R BUAE B R X S e 2N e R
DAL Ay i 25 762 5 ) ] FRO4ER L S B bR & KB =, BT
TIBKEIZERIN, WFKEZRHRD, GRS
REMITE UG A AE K E . NRAVTLLE Y, BUR BT
%, WMAREKHFFN166 mi, FKFEHET, 9H20
HE& FE, £ FHFKEN10.7212m’
(12.89%); “FKZMHT, 9OF10HRE XK, ZE 1
FEKETIE/N22.5912m® (34.19%); RiKZEMET, 971
Hie& FE, £ FHFKERKAN19.1812m’
(51.89%).

6. &ig

AR =K 8 A Ak E S 9 A it EAE
NECAMIFEA, 12 ] Copula BB T H KBS
I3 B AR A S, @ LA T VAR E 9
A BEHUNFELE 741, KU 7 A A4 i e (i 2 4
R AL T HRATE K ALLEEAY, Ik B X
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B, RHEEMFKE MG, X9 Hh
PRI B KT RATAGIE SRS, FBILLNE: 58 H
NAERACHFEK, W9 ATFRE, HRHSNEKE
166 m, BRI TS, TEARINBT S R RTHE T,
ZAEPI R BRI 1.57 14 kW-h (1.46%), FF/KE
/N 10.72 42 m? (12.89%); 5K KR FK, M9 A
MRE, ARWAIEKE 166 m, BEKITHTR, £
ARG B AR TR T, 24P R R E R
3.4512,kW+h (3.40%), FF/K B/ 22.59 12 m (34.19%);
FrRACRRE K, I A S I, )T B PR
£ 9 A LAkRE, ARYAEKE 166 m, BIEET
Ti %, ERARAMPT AR N, 28Tk
A 0 5.50 12 kW+h (6.12%), FE/KE /N 19.18
2. m* (51.89%).
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