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Study of the wetness-dryness encountering of inflow of the three biggest reservoirs in the
Dongjiang River basin based on Copula functions
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Abstract: Dongjiang River basin holds an important political, economic and social status in Guangdong Province. The three big-
gest reservoirs, namely Xinfengjiang( XFJ) , Fengshuba(FSB) and Baipenzhu( BPZ) , provide most water for living and production
in the basin. Considering the critical requirement of joint operation of multi-reservoirs, this paper constructed 2-dimensional and 3-
dimensional joint distributions of inflow of the three biggest reservoirs based on Copula functions, and analyzed their wetness-dry-
ness encountering probability. The results showed; (1) the synchronous wetness-dryness probabilities of any two reservoirs are
higher than the asynchronousones, and the synchronous wetness-dryness probabilities in flood seasons are higher than those in non-
flood seasons. The synchronous wetness-dryness probabilities of BPZ and XJF, or BPZ and FSB are relatively small, which offers
the possibility of wetness-dryness compensation between BPZ and the other two reservoirs; (2) the 3-dimensional joint distribution
indicated that the synchronous wetness-dryness probabilities of the three reservoirs in flood season, non-flood season and annual
scale are 2.29% , 41.74% and 51.99% , respectively, with the probability of synchronous wetness and dryness much larger than
that of synchronous normal ones. The probabilities that FSB and XF] are able to compensate their lower basin are 29. 81% and
23.03% , respectively, while that they cannot do are 32.75% and 22.32% , respectively; (3) By the joint distributions construc-

ted above, we can get the probabilities of any inflow combinations of the three reservoirs, as well as diverse inflow combinations un-
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der certain probabilities.

Keywords ; Multivariate hydrological analysis; wetness-dryness encountering; Copula functions; Dongjiang River basin

ARUTIEERIT 3 R Z — , WA H 20 4 R 28 BN 50% , GDP (5 BB 70% 7R
HOE LU R 2 AT B AR VR BRI A AR BRI, HOh, B R AT UK 80% (IR
KB E AL A SR P R0 S U5, AR K R U SRR O B e B R kP 2 U kb 2 R R SR R
ifif, A BRURAS A S EORK SCR PR B T KR AR B P ARG BT S K P K R TR
AN BIOK B IR AR L

ARVLIE 3 KK A L 37 1R AU A
RIVUK P B 1K R R A BBk OK (P 1) L3
HOTIBLIN R A KUK IS 2. 1.5 47, 4%
BT AR TIOR TPOK SR AR 92% |, X
SR KR K BRI K AR A A 4 A T AR
FHY AR SR Bl A5 WA A A e il Y 2
JECRIBEAME T, 7K 28 B IBC 5 9 JBE 1A 19 BE &
LK TR IR SR R R
2008 4, AR A BRI € AR A ARV oK
VIR 52) , TR 3 JOK RS2 A7 B it L A3t
K AL 2 FURRIE A AT . 7K 2 SR K
U AR R I V8] B2 L0 ) BE Al i X 7 2
SRGBFTE 3 KAk 09 A S 8 A
A AME2 4 AT BB S K 2R B B AL B A

AR SCIX B =F A 18 18 A ot F s F 278
BIRSRERA SRR H AT, 22 &

x
Y L] P
2 JpUkE
X

\J

A ETKICES

o B IR 5 B LICIE AL R
v kB PG 5y A A R B A S AR AR B ROy

W YTk AR
R4 T PR B JRR S AR L. Copula

P 1 ARTLIA 3 HOK PR BRI T FE507 I 2 KA 53 43
Fig. 1 Location of the three biggest reservoirs TG FIRE PSS 43 S b B AT AR A 1
in Dongjiang River basin FEHERE R 2ER I ok T 54k o

A FT T H 252 B T AR SCRI Copula
PR, F4 BB E VTR 2R AR SIL/K 28 R (5 Bk /K e AR T i B B 20 A1 , 430 3 KK P A = a0 308 M e
P, DU R K R I T B (LA 228 TR SO

1 AEEHE

1.1 Copula FH#;"™

n-4t Copula PREUERA LU TR REEL C:1"—1

1) CHESUE I [0, 1]";

2) Yu,u,el", REY u, u, e lI" G5 8RKT u, TRXSRSTEL, M C(u,) =C(u,) ;

3) Vuel", R EDH A u GEEFETE, N C(u) =05 WRERT u, (X <x),Z <z WHEBESRERLN
1,0 C(u,) =u,.

WRF, L F, - F JEEELMN— DR, 2w, = F 0 CQuy yuy o u,) S2— D553 M N2 [0,



x| A8 K 4 BT Copula #3089 FITiR IR 3 KRR FAEEB 5T 363

L2 o053 1 PRER.

Copula MECEFIDE 5 4377 43R 728tk (14 300 25 43 A58 RIS S () A9 A G 254 43 Tl b 3, AR 3 SR AR 34 W] 43 A, W]
RTINS A TE G0 0 , LR Bad B A= A5 Bk B, B MR Pl . Copula PR L4y
IR | Archimedean #1 — YR I, 7R SC 32 8% FHAE K SCA0I8) 72 )i H ) Archimedean Copula. % 2R 5% #4)
T8 FE X AT PR, 18 PR R T 40 S G AR ELRIHEXT R AP o X RREL A T O

Cluyuy,ouw,) = ¢ [o(u) +@(u) + - +o(u,)] (1)
o, @ & Copula FRELIY A M IT , & 7R SE A% 33 98 1 ™ BR AR, W6 B 0 (0) = 0,0 (1) =0. 0" "V & o IR
B, S TR LT @ () =0,0 7' (0) = 1. EW A 4 Fh Z4EXSFR B Archimedean Copu-
la pREE M KM TN R -

Gumbel-Hougaard (GH) Copula 4= 7€ ¢(¢) = ( —1In )’ 3& T2 B (A IEAHC AV B TE.

C(u,w) =exp(=[(=Inuw)’ +(=nv)"]""),0e[1, ®) (2)
Clayton Copula 2EJ§JG ¢ (#) =t~ -1, Clayton Copula {XfElii IEA S ABEAL S 2.
Cluw) = (" +0" -1)"",0 e (0, ») (3)

Ali-Mikhail-Haq (AMH) Copula 4 HIE ¢(¢) = In W,E%ﬁ%#ﬁiﬁﬁ*ﬁa‘éﬂ@ﬁﬁm/}zi,mﬁ%#ﬁﬁsﬁ
AR BEHLAS 1 (EANE FH T AR S & R IE s fIAH S R
Clu,w) =uw/(1 -6(1 —u)(1 -v)),06e[-1,1) (4)

o

nwkmmbiﬁﬁw¢u>:m?:},%%mﬁmm%m%m&%;@%mﬁﬁm%ﬁ%m&%Ja
S AT S PR T B

(e™ -1)(e™ -1)

e’ -1

Clu.v) :%ln(l+ ).6 < RVIO] (5)

A, u v NG5 A KL, 0 4 Copula pRETH)Z L, ).

1 LA b ZZEXSFR Y Copula TS ZIAH I 1) = 4EXTHRAY Copula pREL, {H 5 B R AL 11 ] (1 AH G 1
SEFARTRISOARAL , BRG] T . s A SR A I ) = ZEJE XS FREY Archimedean Copula, HiZRik 20 «

Gumbel-Hougaard (GH) Copula:

C(uy,uy,uy) = expi - ([(=In ul)el +(=In uz)ag]e,/az + (= 1“”3)9')]/9‘} 0, = 0, € [1, + ) (6)

Clayton Copula:

C(uy,uy,uy) = [(u;f% + usz)g - 1)3‘/92 + u;ﬁ‘ - 1171/6’,02 =6, e[0, +») (7)

Ali-Mikhail-Haq (AMH) Copula;

Uy Uy Uy

[1 -6,(1 —u3)][1 -60,(1 —u,)(1 _ul)] +0,u,u, (1 _u3),92

=6, e[-1,1)

Cuy ,uy,uy) =

(8)
Frank Copula:

Cluy,uy,uy) ==6"I[1 = (1-e”) (1 —e™) (1 —e™)(1-e™)],0e (0, +) (9)

S uy g KGR0, A1 0, B AL
1.2 %S

FHAE B 003 4515 4 4 A B R T] Copula S8 5 — . AR LML A AR K S8 T 1 A A AR
R0 43 . BRI B 3 KK PR AP, % SCR ) Pearson- T35 (P-T1) BRA 487 ( GEV) 3504



364 J. Lake Sci. (#im#+3),2015,27(2)

(EXP) FIXECEA 53 i (LOGN ) i 45245 Bt fE AT #0045, R AR A P 0 0 SR M0 AT S 0A 3, R
Kolmogorov-Smimov ( K-S) J5 3% ™ K Be 1 A0 (0 vl 450 O S D7 AR IR 2 15 (RMSE) E A AR 56 R A0E
(PPCC) ™ il ALC {5 B DP AR B i B DR i G o3 A ey, ALC A A0 1) i 22 FIBSE AR 23 0 -0
AR, TR ITER

N U R
M%_’l;(% x;) (10)
AIC = nln(MSE) +2m (11)

A, m I BRECS AR ALC (BN, 5 23413 R R 1005 R BT
1.3 Copula & H S Hfliit AR5 Mk

X 4 Fh 4k Copula, R AR GRS bRk ™ NS S8 OB IF -

1) ARG C12) (B FEAR Kendall A5 R %L

T = # Z sign[(x, —x/)(yi < y])] (]2)

n’(n - 1) I<i<jsn

Ao, 705 (v, 30) 50 (v, y,) FERBERLEEAR , sign 9755 pREL

2) 45 Copula pRELHIZEL 0 5 Kendall A1 R A KRR 0, HASE R ILICHR[ 23 ].

XF T 4 =4k Copula, FHIEHEFRRIEARTELL H , R IO RISREAG TS5

EMLFERL 1, R K-S Ry 3 ie & 010 1 A B0, R A ATC {5 EMEN RN RMSE SEFT LA PR 5 s IR
1.4 £HEB

ASCHE AR N T F 3 9, BUE K4 i BERER 2 518 p, =62.5% il p, =37.5% " B
FAX > X, AKX <X, TR X, <X <X O XSS AR AR R, X, R X, B FE K sk K 4y
Y.

AR AN B AR R R SR IS AR R R SN IK A PR B 43 0 XY, I
FFERIHER K P(X > XpHY>Y,) =1-u,-v,+C(u,,v,),X F YRR P(X > X, Y<Y,) =v, -
Cluy,v,) s X B Y EMMER P(X, <X<X,,Y<V,)=u,-v, -Clu,,v,) +C(u,,v,). 2, u, 0, .0,
By AR50 X, Y, Y R X, (0 R, FUE M0 e M 7.

1.5 #iE

ARSCEE T 3 RAKEE 1986 — 2008 4E (1 H A E i Pk # B4R 4 29 H g U, 10 H B=ik4E3 A
FE AR B HRARAG 3 SRR AETTUB AN 4R AR 741, SR Copula BRI HRCHEAT 2 A4k 38
53HT.

2 ERESH

2.1 NERBAZDHHIHE

KA P-T1 .GEV (EXP F1 LOGN %t 3 KK FETUY AR U A A 4E AR s AT 8L G I AT LG R i S
PR W08 B A 53, AR e 2 2R D3R 1. AR R VTiRs S 4], 4 Fh 4340 19 K-S K3 B 4/ T 1 FHE
0.3608, YW BN I7E—E B D Re TR S 3. b, W BUE R 4370 1Y AIC Fil RMSE {52/,
PPCC B K, WO e 2 0 A . S50t , i HC T K AR ) I 380 1) e D0 0 5 4 A
2.2 Copula EB#HIFHE

R F Z 4k Copula #43& 3 KK ZE T ] (6 43 A0 ARFE 20 (12) 3B MR H] 19 Kendall A8 R 5L 7, 21
AR 3] 3 KK AR B PRV it 4k Copula BEG 73 SE (3R 2) . £ AR A 248 RUBE |, 30
FVL A IR BEA PR B Kendall #H2C 2R 808 e, RIIPIE R B8, R/N—BHAEX 847 A2k
HHBEPA /KR Kendall #12C R EIYE/N , RF G 534N K R A PR b0 — B AR 3 2%
FH K-S K8 AIC {5 50 RN 3 75 AR R 2% e/ N 8 e D 1 —4E Copula pRAL 258 L, BR T 1Y
TR 30179 J22 18] ) B i — 4 Copula & Clayton Copula #b, Ho& & 5t F HIE A 4k Copula 1)/ GH Copula.



X ABE 5 AT Copula &8 RT3 KK EFAE1EE 54T 365

K JH =4k Copula ¥3t 3 KK PR MRS 70 A1 IR IR B b AT 2 81T SR 5 BEAT LS A 38 5 1A
BRI 3. U, T H AN RIS 31 9 eIt =4 Copula pR%L oAb SR A2 4F 1 e {0 Copula 23 GH Copula,
BN Frank Copula.

13 ROKPEAN TR A PR L ek 120 5 53 A 4L 3 A 3 2 2R
Tab. 1 The fit test results of the marginal distributions of inflow of the three biggest reservoirs
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I AIC -355.38 -230.42 -368.05 NA" -225.56 -160.27 -222.25 NA  -142.99 -119.79 -142.16 -140.58
RMSE ~ 0.0250 0.0914 0.0220 NA 0.0366 0.0957 0.0384 NA 0.0392 0.0678 0.0399  0.0413
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Tab. 3 The fit test results of the joint distribution of inflow of the three biggest reservoirs

GH Clayton AMH Frank

48]
AIC RMSE Dy AIC RMSE Dy AIC RMSE Dy AIC RMSE Dy
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Tab. 4 The wetness-dryness encountering probabilities of any two reservoirs’ inflow of different periods
bk ] AR TR SAE

AHTFIT AT AT AU A BRI A BTV A BRI A BRI A BT 20T A AUR 30
BRI B: FHAZR B: FHAZER BRI B: &K B: HAZER BRI B: A&k B: HAK

FEH R AB [F]=E 26.09 23.63 23.63 32.29 26.68 25.34 29.62 24.25 21.86
AB [A] 9.99 7.84 7.84 14.44 9.14 8.49 11.25 8.06 7.34
AB [r] A 29.35 22.21 22.21 31.27 25.22 23.87 28.31 22.81 20.56

FHiFLE AEBH 2.27 6.00 6.00 0.44 3.63 4.64 1.66 5.50 7.46
AEBF 9.14 7.87 7.87 4.77 7.20 7.52 6.22 7.75 8.18
ABFE 9.14 7.87 7.87 4.77 7.20 7.52 6.22 7.75 8.18
A B A 5.88 9.29 9.29 5.79 8.66 8.99 7.53 9.19 9.48
AMiBE 2.27 6.00 6.00 0.44 3.63 4.64 1.66 5.50 7.46
A K B 5.88 9.29 9.29 5.79 8.66 8.99 7.53 9.19 9.48
FAH B 65.43  53.68  53.68  78.00 61.04 57.70  69.18  55.11  49.75
FA 34.57  46.32  46.32  22.00 38.96  42.30  30.82  44.89  50.25

2.4 3 KIKEEFHEBH

FIFH =4k Copula pREAGHE R 3 FIREBE 73, TR E] 3 FOKFE R AR (R 5) . 3 oK
i 72 A AT A2 AR TR AN TUI R BC  AR YO 42.29% (41, 74% F151.99% . ik Je i T 3 ROK i L7
B, K SCAGE B, S B A, — BRI X AT AY A 7] 20 A 3 B e o T TR s R o A
PR TR 3 2032 M T KM T PRI A2 3 (50 B 52 T 7K 8 T D5, I 10 2 ) 43 A 22 53 Y AR T 3
TROK PR A — B e AN R 5 e [ =2 R0 ) A ) ABE 3 0 O [P B E 3. e A 4R 00, T == A1 )
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REEIREA 735302 20. 80% Fil 17.82% 1 [ F- I HE ALK 3. 67%

FRANEN T RYSSER R T SR Fe7 v e W ot N O R T i N E 7 o R
B A —E AR LAMaE . AR AU IR 2K TR E V05 F 23Rk 7 20—k
SR K I AR UK X T e BAT RAFAOAMERE ST, Xl A8 B RER 51T 16.70% 5 R UZF- K,
TR F VL5 AR SRR R 2 A — AN IR AR B ARSI X R i AT — 2 (A MEERE T, 3 b =5 A 128 388 (1) A
FRETHA 13, 11% UMUK ZEXS R i BAT AMEEE T BOBER G110 29. 81% . U FTTKIE N FK, H B2k
KRG AR B KIS 7 32 TTK X T Ui BT A RO RMEERE T, BEA< R 13.76% 5 3 V1K ER~FK , 1 4
BRAK PRI B E VLA RS R i R — 5 A AMERE T 30 9. 27% 5 U VKX T i HoAT HEA g
IR TR 23.03% . YU SIUK AR B RS 1 2 SRR 2 A — Nl R K, 305 37 F A
PRI PR 24 DA A 7K IR AR 3015507 = YT K 2 0 T3 JOAMEERE T, SR A 8 ) E 3 33 g 32, 75% Al
22.32% .

5 3 FORPEA [ i S S0 Ak AR (% )

Tab. 5 The wetness-dryness encountering probabilities of the three biggest reservoirs in different periods

BRI BT BTG

" PRI AP BRI RIS U ARG R SIE ARUB I AU SRS
A HEBRE 20.80 2.55 0.40 2.55 3.69 1.61 0.40 1.61 3.90
H#ERT 535 1.98 0.51 1.98 3.67 2.22 0.51 2.22 6.53
FERA 3.42 1.71 0.78 1.71 3.84 3.72 0.78 3.72 17.82
W A#EEkE 2097 2.96 0.65 2.96 3.14 1.58 0.65 1.58 3.01
FERTE  4.42 2.33 0.93 2.33 3.38 2.48 0.93 2.48 5.73
FAEERA 2,17 1.66 1.41 1.66 3.15 4.32 1.41 4.32 17.39
JEIR PEEkE 23.29 2.00 0.03 2.00 5.38 0.85 0.03 0.85 3.07
FAET  6.69 1.48 0.05 1.48 5.66 1.40 0.05 1.40 6.78
E#ERA 2.90 0.98 0.07 0.98 5.04 2.22 0.07 2.22 23.03
3 &it

HIH Copula pREL, MIEE T AR VLIATSORT F V1 AR IURT 3 ZBR 3 ROK 2 A L At ) — 2R = 4E IR 5 231
XA B HEAT 34T, EEESEWT

1) S 3 ROKE AR A o0 A , AT LSRR R (B AS R 0 B 26 4F T BORER, LR E T A [
KPR APt AT RELL A, X 3 JOK I D0 AT B HAT B2 A e 5 S B A (.

2) 3 SRR W i) A [R] A B3O T At 57t 20 A3 S TR0 14 2 R ) A5 O RO TR, 7 =
TSRS SR 2 A PR3 8 — PR RS , []— IR S0 79 2 = Al ) 20 O M 3 B 5 0 BR500 2 U U 30U 22
U B — PR AR R B2 , Ao 57 20 ORI O LB AN K 2 5 F BB K A L AME L T R] RE.

3) X 3 FOKPE = HERRA M ATHTFE IR 3 KoK A [R5 BT TR AR ST AIAR I R B0 v
42.29% \41.74% F1 51.99% , H e [] 4= 0 [ A ) ME 50 00 KT ] 1 A ABE 3. ARURRY 3005385 2 VTR X 1 Bl AT
HMEERE ST B 235008 29. 81% F123.03% , AN HATHMERE S A3 4 32. 75% F122.32% .
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