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Pk, A5 B2 14 22 B 2 e b 7 A AR KA 3, 78 7K SCA 3845 B 772 1 . Copula PR A AT DL 78 S [R] 7K SC
SR ) B K SCHA N AL T8 M 2 Ta] (9 AH S, 3 T R 43 A [R] — 7K SCE 3R BOK SCER 1 7 A T) el DX 8 8 M 3
S0t 75 45 3 F Clayton Copula BREL, A B & 1 VTR B iy L Bk 0 3 i 5 1 il SR 467 2 A K S
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](1/0)
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<1k Weibull 0=0.871, =8 026.3, y=2 420 0.02 0.063
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Pearson 0.58 0.98 0.67 0.55 0.93 0.65 0.32
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338 JEHUIBIE R A7 27 4 (1 IR BE27 b)) 5556 4%

99% I lfi S AHL, 5 266 Ji7 e 4775 5057 AR 19 B AL, R WTAE 99% 19 8 15 /K- T T IA g 4 30 7 1 2 - A iy, ~F e 5 iR
[ 3l 422 2 6] AN A AE DN AR 5C, 0RT LURE ] Copula R B0HE AT -G 20 A1 O S

*3 TEBADFREHER

P i) gt ADFStiHRE RREM(e, D) 99%BEERAE 9% REMIRAME 0% RERIE AP
o hME —18.16 (¢,0,0) JE
1951 —20024F (LHERT) -3.96 -3.41 -3.12
R -14.63 (¢,0,0) I
T 1018 (¢,0,0) P
2003—20164F(H2FRR) -3.99 -3.43 -3.13
KEE -8.62 (¢,0,0) P

23 ZUhEEA 9% R E L Copula iR 3 % JH Archimedean Copula #' 1) Gumbel Copula, Clayton Copula A &
Frank Copula iX 3 2& Fl # [&] Copula 7' i 1E 2% Copula £ #-Copula, 3% 53§ Copula #4 # 12 i Bk & 43 15 bR 40 .
Copula p8 ¥ 2 R A i-tau BEAT A5 11, 12 ] K-S K 3605 #E47 2 80K 56, 26 JH RMSE., AIC #E 17 3045 10 B A6 4,
Ko 9 fH RMSE., AIC /]y, 37 1005 4 il vy

XF 2 Al 2 6] B K A5 43 A pR B H B — S B LB e AR, PR, FE R 4 T R T T A R -
B e LI A 0 A BRI X T 3 AN A A 45 T 5 Bl Copula 45 5%, MR 75 2Pk % 5 A 3 3l Bk A 43 A 1)
AL 45, 3R 4 MR RIR 3 S BG40 A0 1 e e 3 45 SR

R4 ZBREERG Copua XENHRESHRKEE

1951 —20024F ()% R1) 2003 —20164F (& E R )
A K-SHi%: (a=0.01) N K-SKi45:(a=0.01)
Copula Ul Dam s RMSE  AIC Copula ZHUH Dam B RMSE AIC
~HE-ELE Gaussian 0.99 0.02 0.23 0.01 -361.48 Gaussian 0.95 0.04 0.31 0.01 360.11
KFE-HE Gaussian ~ 0.81 0.02 0.20 0.02 —358.03  Gumbel  2.32 0.07 0.20 0.16 156.55
Clayton  18.73 0.06 0.02 026 -76.53  Clayton  0.78 0.05 0.27 0.03 35524
Gumble  5.18 0.05 0.34 0.02 -358.02 Gumble  3.01 0.04 0.29 020 108.32
Frank 8.58 0.03 0.15 0.06 —319.31 Frank 9.93 0.09 0.15 025 -86.19
0.68 0.68
SPAfE-EBE—EE Gaussian  0.85 0.03 0.18 0.03 —35441 Gaussian  0.79 0.04 0.30 0.02 358.12
0.91 0.92
0.69 0.68
Student  0.85 0.05 0.15 0.03 —353.01  Student  0.79 0.04 0.29 0.02 35761
0.91 0.92

B3R 4 AT R0, 78 5 2 PEAKOF 99% Y4500 R, ~FiE—5 B MK BB 8 A BG40 A R A e THE 8/ T il A2
{H (1951 —2002 4, Dy; 12 =0.067; 2003 — 2016 4F-, Dy 52=0.114), P 3J>0.01, ¥ i K-S K 5.

TE 2 v B BCA A A, T ME—BL B 7E = 0 PR A S B9 B S 43 ¥4 LA Gaussian Copula bR EL L& 8047 2
S, B —H B E =W i HT DL Gaussian Copula pRECHL G 88 45, 1M 2 2 J5 228 5~ Gumbel Copula pF 5015 42 47
X ME-R - E 3wl BB S A oR UL, 7E 3 K 99% B9 &R, =TT, R Clayton Copula £ i
LA LB R 50 A1, Ay 4 Fh o A R 4348 1 4 550, H P L Gumbel Copula #2145 £ L, Gaussian Copula 18175 W& 1K
2 TE SR PR, 5 IR A 43 A bR X o 3G P BE A 5, e D) Gaussian Copula #8065 f 0. AUt 3 3l (4 B¢
B 43 AR A =Wk 8 E i Gumbel Copula G 5, 7F = W& % 5, LA Gaussian Copula $l5 f L.
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UL B, 78 =0l PET, T -1 8 . R E B IS A R 34 A B AR U A 100 e IR G SR e B 4, (HE
B B Y R 2 S B, EBEAHER N 0.9, HE R E N 3x10 m® - s R IR, ST e U AR i
B <2.3x10* m® - s (& 3-a), 1M B BE U A2 I <4.4x10° m® « s7'([&] 3-b) . ZEBR A HE R 0.8, W3R B B 42 i = A Ak
F3x10°m’® « s BB, SF M AR R <1.6x10° m® - s (] 3-a), 11 i Bk A2 T o <2.4x10° m® « s7'(&] 3-b).

50}, Hy
I 0.9 I 9
- L 0.8 - L 0.8
0.7 0.7
_
I L‘“ 0.6 I LL 0.6 57
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B
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W
(=]
(=]

HEAER(10° m?
3]
(=)

10 05 —54 o7
e 0.5 —17 8. T =Ty
0 10 20 30 40 0 2 4 6 8
MR ARR(10° m? - s BB A RR/(10° m? - s7)
a. WS H B U AR RIS R S A b. TR 5 L B SRR A MR A 2

B3 ZBREERKILEH2UBEERKAMERFEE
4 N PR MR 3 A R

0, I £ 22 105 4 M 360 00 SR 0% LA B B 3 4 07 it 1 3 6 Gumbie)
3x10* m® « s R A5, F ik kg o il AR U A <<2.3%10* il o 0.8
44x10°m* - s WERAHER R 0.87(& 4). o 0.6
32 ZHBRERZHAERBKASHHNSN K SHME 6 2 04
G300 Ry =0 A S 2 Sl I B M R A3 A SR (E 2R RN 3 R A 0 02
WER 43 A . IR S o] LLF B, 78 B A HE 5 90% A, ~F i 10000 6 0

U AR R 2.3x10° m® + s (I S-a) T G I o A4 O ik O 5000 L

IN 35%10° m - s 7 4 (P 5-b) . [, £ 0% 4 % HE 0 il

0.8 B}, SR BRI E AT N 1.6x10* m® - s' (K] 5-a), T ol B B 4 = ER] 3 35127 Gumble Copula B &

AR TR AR/ N B 2300 m® - s 2245 (8] 5-b). KRFRTMH @ - s

16 305 IR & 40 A, M E B kAR B <3x10* m® - s, [R] B SR il o 5O R AR B <<2.3x10* Al
3.5x10° m’ » s I HER T R R 82% (51 6).
3.3 IFEE AT DL 2003 4F Sk 1 S, =k d R AT A RS, F ME-E B 5 B 0 A BRI O Gaussian Copula,
XA 0 A R B  H 2, X0 () BB S B G 08/ (L3 3), DA F =i @ i J5 (R S HER MR IE R
/NI AR A (] 3-a F1 5-a), (H 2, 53X A 09 28 A6 B A 52 0 ST BE— T B BEA 0 i I E R 8 k. iR PE-H B A G
[ A 43 4 ASAX i Gaussian Copula %% 24 Gumbel Copula %, 117 B, X0 B9 2 806 WA 1R KAk (2 4), Xk B 4%

SOt , b
T 40 b -
: 30
= 0.9 0.9
2
: LL

20t 0.8 0.8
L\ 0.7 Y 0 0.7
”{g 10+ Lk 0.5 = —7 = 2-05 —
! 02— 0.2 =371
Of, . . . . [ , , ,
0 10 20 30 40 0 2 4 6 8
<+ A AR (10° m? - s7) b B AR/ m? - s7)
a. <P 5 B B SR T A M R A 2 b. K 5 T B AR A R A 2

BS5 ZRREERKILEH2UBERKAMEFELZ
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SECT RN G 20 A R B BUE W A E], R

S 24 2 7 8 (19 3-b 1 5-b) . 3 58 91 2 I , 7 W Gaussian
AL 6 % 26 P, R 1 07 A B 2 ; 05
A7 B e K S 8 A R e, U E y
S B, KA 38 5 /M 1 y

e e 3 A B A A . .
Al P I )00 . DT KK 7 s 6000 .
B 2800 A AL, 10 B0 TR 4 ER B L. 00 ; A

BB <+t

X LG 1 4 FIEL 6 A AT Lk B, = W s AR i 3w A BBk
oA AR ) (I 4) i = ke 2 ), 3 0l Y
WG oA i B et E S M 6), XEM T
3 i A UL () A A G 1k B PR R R DS, R 2 Y
FH SN 5 B — 2L

0
B 6 =ik PEfE1CIT Ll = 3612 R Gaussian Copula
REZRMELIH (m* - s

R R — 20X AT B = RIS BE R A 9 AE 4L, 3R 5 25 A [R) B A K P R R PR RS 3 v oy
Ay AR L B4 A28 8 . A SO S (Y B A T U, B3 Al b A 1 Ay T AR T Ik B B
— R (AR, XN A BT (DL adt) . B 7 45 T S AT S 3 s A AR T 0 AR R

RS5 ZBHEEMNETIRENANNAIBKAEIHERE

1951 —20024F (&% Hi ) (Gumbel Copula)/(m® + s™)

2003 —20164F (£ 11} ) (Gaussian Copula)/(m® - s™)

HI/a
i R HE R B HE
2 8902 2415 13 800 8533 2393 12972
5 19 697 2818 26 052 18318 2677 23 186
10 27735 3876 34 500 24962 3643 28 500
20 36 587 5329 46 532 31099 4903 37 691
50 49 857 7 888 58 580 40 384 6941 45 692
100 65 557 9 624 69 560 53757 8 565 52170

M s Al LLA Y FE = e f T, 7E 2 a B EE
KT, 3 ANl Hp S IE R B 3K — KT T 6 R 9 42 3
HEE 8.902x10° m® + 7!, B IA B X — K X A
B 2.415x10° m® « 7', T H B J& 1.38x10°m? « s7'.

TE =k @ e 2 J5 5 [RIAETE 2 a LK R, 1l

FIAEA ) %
| |
- = |

— I — K —HE

. St e =30 :
2 FE B 38 B3 — AKOF BT X R R A2 O B A ) O 2 5 1,04}” 20 50 100
8.533x10%, 2.393x10° 1 1.297 2x10* m® - s™'. = I 4t ¢ S
2 = (g =T VR N kgl = 4 B &
E%@ﬁﬁﬁ*ﬁtt,ﬁ2a$ﬂ%ﬁ7:,ﬂ‘ﬂﬁ\ ﬁh[‘e%*ﬂﬁ B 7 ZEZEREKILERFKGE=Z4HEE
DHETHERRTHE

B0 N A 3 e AR Ak e 4 U T 368 22 F1828 m’ - 57

AN [ B3R 5 T B PR A% 0 6 R B A U A0 B 1T 2 SRR AE P T R AR B g el i, =R OK R AE 2003 4z
fr0a, sFde . SRR S 3 slhife B IR B R e 3, o B B AR i At R e K, Pz, B s /).

A WFFERBIN, 20 228 90 4R AQ LG = e J2 DX R /K B A & 2R 35 878, B KIS T DX /K et TE B J 22
S, BRI, =0 DX A R T A, X =R 2 G IR AR A — S SRR, A I S B VT W TR AR T
R AR TR K R D S, i 5 = WK 2 R AR A — R Hh . BB T = WK R TR 9, S K %
BT, PRI AR O i 52 K PR Y 5 I e s b L R T e ORI b i, BE R AT, R AR 4 8 A 5 T R
/N, 3K ARG A OIS A5 SRR 53 b, e AR A o AR AL /) B9 SR T BB NS S AT OGR!, TR
AETELR 53 B



$33 75 T i 45 - = e R I L R S VL b Y AR A R S 23 A 5 T 4 2 B 341

4 #Eig

ASCUAAVE B P o aRBE L H B 3 Y A AR I BB A A ST A 4, i R 2003 A =k K TE s AT o
&, R AT Copula bR 53 591 %t 22 PR IG5 2 PR 5 09 42 U I 910 4 2 22 A B 5 R 32 40 A1, 40 B = e K X VL I i
3 > il it A B A R R A A RS e . A AT

1) =K BRI A7 J5 , UL Bl /K Sl 18] (4 2 4E 8K 5 o0 A S A e A 7 A8 Ak, Hov: 3 3l B BK 5 40 A1 pR AR
Gumble Copula 7% i Gaussian Copula #1; 2 3 K & 43 1 v, I B 5 B 5 08K G 73 41 56 N Gaussian Copula 5% 2
Gumble Copula #!; ‘H. B 5 ~F M A K & 43 A1 R B A BEA & A4 A8 4k, ¥4 Gaussian Copula, {H 2 bR R S 500 A
VAN

2) A\ 2 1 3 0l (R HE A R A A R AR TEARF AR 2R, =R RS, P S H B DR PE 5 H A R
L R T YA TR B AR R SR B AR R, SR R T 3l A AR T R RE NS, o, BB AR
TN K, ST IRz, R /. R W] = R S, R IUTR RS AR A A S e T e I i Y TR
o 2 3.

5 &EE

(1] BhEfe, =R RRTE WK SCRIRIFIIR AT (1] KRR 5288, 2016, 22(8): 75

(2] JFEWIME, B5E, X5, & B TEURIR S BRI K IR 85T (1] . /K3, 2019, 39C1): 50

(3] FEbREE, VFSCR, WA, 55, =& KETE B B -SEUIK NS 2 RERE BT [T] . RV IR 5 5058, 2016, 25(12):
1870

[4] JIANGL Z ,BAN X , WANG X L, et al. Assessment of hydrologic alterations caused by the three gorges dam in the middle and
lower reaches of Yangtze River, China [J] . Water, 2014, 6(5): 1419

(5] IRH=AF, BRaEs, &8, &5, KUK Rk RES (1] . KR4z, 2003C11): 21

[6] ZEER, R, B W], 55, KT Copula bR = WesK Ut s & PR Bt sz me oA (3] K BR#3ERE, 2012, 23(4): 485

(7] BPSR, XN e, EWER, % ARREKALETT T =R X TR BAERFE [1] . ARKIL, 2015, 463 F]1D: 132

(81 JuHast, WEeksR, B, 55, SO MU PP SUAHESR K HOGHEROR (1] JKBH#ERE, 2014, 25(2): 297

(91 WWF5, [0y, A3 &, 2. KULB Bolb i s 40 & M0 (1] K REIREL#, 2015, 33(12): 51

(101 FAm, SBAEZR, SKRUERI, 4. KU BT Sl i (1] . KBE#EE, 2011, 22(3): 323

(111 RBNZAE, SRAEZR, 1 3, 45, Copulalfk4h U 275 it /K SUBRAM BT IR (1] . RBUR 24 (T2540), 2005(6): 16

C12] PN, E 5540, E44T, 55, A58 0 ok v S8 (e 3= Al i 2 [1] . AUt iy K 2= 2= M (A SRR ), 2019,
55(4): 489

(131 =5, SRAZR, BRI, 25, RULAE VLK EE XS 204 [1] . KR4k, 2010, 41(5): 553

[14] NELSEN R B. An introduction to Copulas [J] . Technometrics, 2000, 42(3): 317

(151 BRMd. mpPAEPREADFR S B SR [T . N2 4 (A AR R E ), 2008(5): 5

(161 XIFEH, FRLELR, BhRAT, 55, ST CopulabR B AR UK 53K R BTFE [T] . /K3, 2016, 36(5): 1

C17] SHEEFE, X, B, I A =k FE X 3T 54247 Ry RAE [T] . AR, 2016, 44(4): 622

[18] LIS, XIONG L H , DONG L H , et al. Effects of the Three Gorges Reservoir on the hydrological droughts at the downstream
Yichang station during 20032011 [J] . Hydrological Processes, 2013, 27(26): 3981

(191 FRHFE, BRAS. UL BIAAR TR RS n it X SRR BE SR R FoE (0] . K BEIRIESY, 2017, 6(4): 309


https://doi.org/10.3969/j.issn.1006-7175.2016.08.022
https://doi.org/10.11870/cjlyzyyhj201612010
https://doi.org/10.3321/j.issn:0559-9350.2003.11.004
https://doi.org/10.3969/j.issn.1000-0852.2016.05.001
https://doi.org/10.3969/j.issn.1671-6345.2016.04.016
https://doi.org/10.3969/j.issn.1006-7175.2016.08.022
https://doi.org/10.11870/cjlyzyyhj201612010
https://doi.org/10.3321/j.issn:0559-9350.2003.11.004
https://doi.org/10.3969/j.issn.1000-0852.2016.05.001
https://doi.org/10.3969/j.issn.1671-6345.2016.04.016

342 JEHUIBIE R A7 27 4 (1 IR BE27 b)) 5556 4%

Influence of Three Gorges Dam
construction on runoff distribution
in the upper reaches of the Yangtze River

FENG Ruirui RONG Yanshu" YIN Yuting
( College of Hydrology and Water Resources, Hohai University, 210098, Nanjing, Jiangsu, China)

Abstract Monthly runoff data at Cuntan, Wulong and Yichang stations in the upper reaches of the Yangtze
River from 1951-2016, and Copula function were used to analyze quantitatively impact of Three Gorges Reservoir on
joint distribution of runoff from multiple stations in the upper reaches of the Yangtze River before and after
impoundments. It was found that after construction of the Three Gorges Reservoir, joint distribution of runoff changed
at some stations. Joint distribution at Cuntan and Yichang stations did not change, but the parameters of distribution
function decreased slightly. Joint distribution at Wulong and Yichang changed from Gaussian Copula to Gumble
Copula type. Joint distribution at Cuntan, Wulong and Yichang changed from Gumble Copula to Gaussian Copula
type. After construction of the reservoir, runoff at these three stations was significantly reduced at similar probability
level. Corresponding runoff at these three stations also decreased significantly in the same return period. Yichang
station showed the largest runoff reduction rate, with Cuntan following, with Wulong the smallest. Three Gorges
Reservoir therefore impacts runoff at downstream Yichang station higher than upstream Cuntan and Wulong stations.

Keywords joint distribution; Copulas functions; Three Gorges Dam; Yichang; Cuntan; Wulong



