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Multi-dimensional analysis of wetness-dryness encountering of streamflow based on the
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Abstract: According to previous research, there was a close relationship between the change of streamflow and the hydrological ex-
treme events in Lake Poyang Basin. Based on the Copula function, the multi-dimensional joint distributions of streamflow in Lake
Poyang Basin was built. Streamflow was classified into extra dryness, ordinary dryness, normal water, ordinary wetness and extra
wetness, the problem of wetness-dryness encountering of streamflow was discussed quantitatively. Multi-dimensional joint frequen-
cies of identical probability interval of streamflow were analysed. Results showed that there were high dependences between two riv-
ers of Lake Poyang Basin. The Gaussian Copula fitted well the joint distributions of streamflow from two-dimension to five-dimen-
sion. As the dimension of joint frequency of multi-streamflow increased, the number of combination of wetness and dryness encoun-
tering increased, yet the joint frequency of identical probability interval decreased significantly, and then the maximum joint fre-
quency of identical probability intervals tended to occur in the upper or down interval of the distribution of streamflow. The joint fre-
quencies of identical probability interval of streamflow in dry period were greater than those of annual streamflow and streamflow in
flood period, and those between annual streamflow and streamflow in flood were slightly different. The joint frequencies of identical
probability interval of streamflow between northern rivers, southern rivers, or adjacent rivers were generally greater than those be-
tween northern and southern rivers. This study provides scientific basis for river basin resources management and drought event pre-
vention.
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Fig.2 Location of Lake Poyang Basin

and its rivers and gauging stations
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Tab.1 Drainage area of five rivers and streamflow statistics in Lake Poyang Basin

J— /AL m? B (m/ (s km?)) LR
G W fERSE T, e VRN R R U R
RS A -0 B A -0 SR Y

R1 Bei I +ENEST 11387 117.53 0 9230 25.23  0.033  0.026  0.007 0.320 0.385 0.633
R2 (RN bt 15535 172.88 127.35 45,53  0.035 0.026  0.009 0.284 0.344 0.504
R3 e ERIE 15811 126.31 91.75 34.57 0.025 0.018 0.007 0.307 0.368 0.564
R4 B LR 80948  629.48 444.80 184.68 0.025 0.017 0.007 0.230  0.237 0.449
R5 &K (W) Ti R 3548 35.00 26.32 8.69 0.031  0.024  0.008  0.305 0.353 0.411
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Fig.3 Box plot of streamflow statistics
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Tab.2 Goodness-of-fit test of statistic distributions of streamflow
N WA E IR G EE
O N AV~ & i

P i RMSE AlC P1{H RMSE AlC P1{a RMSE AIC

R1 GAMMA 0.905 0.032 =317 0.989 0.025 =342 0.635 0.037 -303
LOGN 0.682 0.036 =305 0.985 0.024 =343 0.879 0.031 =321

WBL 0.611 0.047 -282 0.798 0.040 =295 0.348 0.054 -268

GEV 0.378 0.032 =315 0.912 0.023 -346 0.525 0.028 -327

GLO 0.744 0.027 =330 0.662 0.024 =341 0.844 0.024 =341

GNO 0.403 0.032 =315 0.910 0.023 -346 0.315 0.032 -314

PII 0.396 0.032 =313 0.894 0.023 -345 0.111 0.042 -290

R2 GAMMA 0.982 0.023 =350 0.708 0.039 =300 0.702 0.025 =341
LOGN 0.958 0.026 -338 0.819 0.033 =315 0.928 0.024 =345

WBL 0.842 0.038 =302 0.557 0.048 =279 0.758 0.049 =278

GEV 0.799 0.023 -344 0.395 0.030 -322 0.452 0.024 -340

GLO 0.866 0.022 =350 0.180 0.039 -296 0.220 0.027 -331

GNO 0.812 0.023 =345 0.490 0.028 =326 0.567 0.024 -340

PII 0.809 0.024 =343 0.649 0.025 -336 0.804 0.026 -334

R3 GAMMA 0.466 0.044 -287 0.358 0.058 =262 0.861 0.033 =315
LOGN 0.266 0.056 -264 0.173 0.067 —248 0.545 0.040 -296

WBL 0.780 0.032 =317 0.859 0.041 -294 0.653 0.051 =273

GEV 0.182 0.031 =317 0.367 0.037 =302 0.090 0.037 =301

GLO 0.636 0.025 -338 0.099 0.043 -286 0.295 0.034 -308

GNO 0.265 0.029 -324 0.281 0.037 =300 0.069 0.038 =299

PII 0.257 0.029 -324 0.280 0.037 =300 0.050 0.040 -294

R4 GAMMA 0.848 0.030 -323 0.956 0.030 -323 0.485 0.052 =272
LOGN 0.774 0.031 -321 0.904 0.032 =317 0.770 0.041 -295

WBL 0.333 0.059 =260 0.663 0.047 -282 0.223 0.067 —-249

GEV 0.172 0.029 =325 0.792 0.029 =325 0.150 0.033 =310

GLO 0.581 0.020 -358 0.462 0.034 =310 0.098 0.037 -302

GNO 0.186 0.028 -326 0.770 0.029 -323 0.208 0.033 =311

PII 0.162 0.030 =321 0.773 0.029 =323 0.402 0.035 =307

RS GAMMA 0.986 0.020 -360 0.987 0.020 -360 0.999 0.020 -362
LOGN 0.999 0.018 =372 0.997 0.018 =372 0.999 0.017 =375

WBL 0.680 0.039 -299 0.676 0.039 =299 0.886 0.039 -300

GEV 0.955 0.017 =374 0.955 0.017 =374 0.990 0.017 =373

GLO 0.804 0.021 -352 0.791 0.021 -352 0.884 0.021 -353

GNO 0.952 0.017 =374 0.944 0.017 =374 0.984 0.017 -374

PII 0.959 0.017 =373 0.961 0.017 =373 0.953 0.018 =370

2.3 ZEFMEMEBRIWN

BT EBEMAINES 00,2~ 5 FM 2 MYERE 1) FATE B RN B 5~ 8. s 18] B 45 1 (19 2 [7) — 1%
A [A) I RS AE , RD A [R]20 MR, WA A A 5 Ta AR U7 O ) e Tl ity | ] )l == A ] .
BT 1 25T G ) ARG RS S 1 DX T M 3 R 45 (i Al R s = 1 DX T A S5 A 4, 43 302K 0.125 i 0.25, e T
Gaussian Copula pRECEA X FRYE , BILARPELLE R s, RS RRTFR. PRIk , 22 23R 20 4 14 [R) R A R ) e
FE AR ST S5 | R 0 B O = (I A R AR, DL HE , 4N 2 ZR3AT AL I A 15 D 4 (R BB B B o
ST SRR A ISR, S AR T IR R ARG TR R R SRR TR G ISR TR R
SR DS R A BT R



%4 kT Copula &M 8RB A K R A F ARG 5 oAt 807

R EN W RITE 4

Tab.3 Parameters of statistical distribution of streamflow

- ERRN(GLO) WHIF T (GNO) 427 (LOGN)
FLIRYA
MESH  RESK  ERSH MESH RESH BRSHK GESH RESH
R1 113.777 20.692 -0.109 86.614 33.772 -0.328 3.064 0.577
R2 167.983 27.206 -0.108 119.732 41.768 -0.354 3.717 0.449
R3 125.841 21.699 -0.013 92.147 34.379 0.023 3.421 0.493
R4 614.201 77.212 -0.118 436.106 103.325 -0.167 5.137 0.398
R5 33.755 5.907 -0.126 24.622 8.690 -0.376 2.084 0.402
0.05 (a) AL 0.06 (b) IR 0.15 (c) AR I
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Fig.4 Curves of theoretical probability density for streamflow statistics
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R RS 13 4000 7 4 2 O TG 2 2 [ AR rivers and parameters of joint distributions
s R > T 4 e S R e PR TR IRRER

A WERG IR R SR A > AN SRR A5 mmss ,  gESE 5, BESH 4
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BCES Gl PR A E 0 BRI BOR, gy gy 0453 0445 0510 0506 0663 0748
¥9709 0.25; Al AR 2 09 XL BE R A X BN, 29 RicRae 0403 0391 0480 0488 0.572  0.636
0.125;H )2 2 43k 3 i M m Al o WM £/ RI-RS  0.810 0.836 0.819 0.853 0.752 0.825
AR E K TFREMEBASHEE, 4 K55 5% R2-R3 0.800 0.795 0.833 0.798 0.884 0.936
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Tab.5 Goodness-fit test of multivariate
joint distribution of streamflow
P fi
Al HE
ERE TURARR R

f—t /i RI1-R2 0.881 0.896 0.963
RI-R3 0.775 0.607 0.950
R1-R4 0.807 0.643 0.920
R1-R5 0.536 0.820 0.839
R2-R3 0.692 0.478 0.972
R2-R4 0.805 0.619 0.518
R2-R5 0.975 0.873 0.346
R3-R4 0.862 0.802 0.947
R3-R5 0.704 0.944 0.550
R4-R5 0.935 0.973 0.725
=4k R1-R2-R3 0.752 0.173 0.393
R1-R2-R4 0.709 0.224 0.582
R1-R2-R5 0.556 0.494 0.490
R1-R3-R4 0.664 0.246 0.689
R1-R3-R5 0.819 0.706 0.516
R1-R4-R5 0.775 0.698 0.930
R2-R3-R4 0.819 0.252 0.896
R2-R3-R5 0.408 0.869 0.454
R2-R4-R5 0.600 0.832 0.799
R3-R4-R5 0.786 0.589 0.670
a4k R1-R2-R3-R4 0.117 0.183 0.399
R1-R2-R3-R5 0.194 0.292 0.199
R1-R2-R4-R5 0.150 0.307 0.458
R1-R3-R4-R5 0.459 0.259 0.351
R2-R3-R4-R5 0.321 0.960 0.511
TigE R1-R2-R3-R4-R5 0.344 0.512 0.690
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Fig.5 Joint probability of probability intervals of streamflow for two rivers
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Fig.7 Joint probability of probability intervals of streamflow for four rivers
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Fig.8 Joint probability of probability intervals of streamflow for five rives
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Tab.6 Joint probability of identical probability intervals of streamflow for multiple rivers

R R BRI
ES A& At R FORE RS R PR RS ORR O R R
W £k M £k MM EE

2 A5 R1-R2 0.064 0.104 0.087 0.104 0.064 0.064 0.105 0.087 0.105 0.064 0.080 0.130 0.109 0.130 0.080
R1-R3 0.041 0.081 0.070 0.081 0.041 0.045 0.084 0.072 0.084 0.045 0.058 0.097 0.081 0.097 0.058

R1-R4 0.037 0.078 0.068 0.078 0.037 0.043 0.082 0.071 0.082 0.043 0.050 0.089 0.075 0.089 0.050

R1-R5 0.075 0.121 0.100 0.121 0.075 0.076 0.123 0.102 0.123 0.076 0.068 0.109 0.091 0.109 0.068

R2-R3 0.073 0.119 0.099 0.119 0.073 0.078 0.126 0.105 0.126 0.078 0.086 0.142 0.120 0.142 0.086

R2-R4 0.062 0.102 0.085 0.102 0.062 0.065 0.106 0.088 0.106 0.065 0.072 0.117 0.097 0.117 0.072

R2-R5 0.070 0.113 0.094 0.113 0.070 0.069 0.112 0.093 0.112 0.069 0.065 0.105 0.088 0.105 0.065

R3-R4 0.069 0.112 0.093 0.112 0.069 0.071 0.115 0.096 0.115 0.071 0.084 0.140 0.118 0.140 0.084

R3-R5 0.049 0.087 0.074 0.087 0.049 0.050 0.088 0.075 0.088 0.050 0.059 0.098 0.082 0.098 0.059

R4-R5 0.048 0.087 0.074 0.087 0.048 0.048 0.086 0.073 0.086 0.048 0.065 0.106 0.088 0.106 0.065

3 A5 R1-R2-R3 0.036 0.049 0.035 0.049 0.036 0.040 0.052 0.037 0.052 0.040 0.054 0.073 0.053 0.073 0.054
R1-R2-R4 0.031 0.042 0.030 0.042 0.031 0.035 0.044 0.031 0.044 0.035 0.046 0.061 0.043 0.061 0.046

R1-R2-R5 0.050 0.058 0.039 0.058 0.050 0.050 0.058 0.039 0.058 0.050 0.051 0.060 0.041 0.060 0.051

R1-R3-R4 0.026 0.037 0.026 0.037 0.026 0.030 0.040 0.028 0.040 0.030 0.042 0.055 0.038 0.055 0.042

R1-R3-R5 0.032 0.042 0.030 0.042 0.032 0.034 0.044 0.031 0.044 0.034 0.040 0.046 0.031 0.046 0.040

R1-R4-R5 0.030 0.042 0.030 0.042 0.030 0.032 0.043 0.030 0.043 0.032 0.039 0.047 0.032 0.047 0.039

R2-R3-R4 0.048 0.056 0.038 0.056 0.048 0.052 0.061 0.042 0.061 0.052 0.063 0.081 0.057 0.081 0.063

R2-R3-R5 0.042 0.053 0.037 0.053 0.042 0.044 0.056 0.039 0.056 0.044 0.049 0.061 0.042 0.061 0.049

R2-R4-R5 0.038 0.047 0.032 0.047 0.038 0.039 0.048 0.033 0.048 0.039 0.047 0.054 0.037 0.054 0.047

R3-R4-R5 0.033 0.041 0.028 0.041 0.033 0.034 0.042 0.029 0.042 0.034 0.049 0.060 0.042 0.060 0.049

4 Mg R1-R2-R3-R4  0.024 0.023 0.014 0.023 0.024 0.028 0.025 0.015 0.025 0.028 0.040 0.042 0.025 0.042 0.040

R1-R2-R3-R5  0.029 0.027 0.016 0.027 0.029 0.032 0.029 0.017 0.029 0.032 0.038 0.035 0.020 0.035 0.038
R1-R2-R4-R5  0.026 0.024 0.014 0.024 0.026 0.028 0.025 0.014 0.025 0.028 0.036 0.032 0.019 0.032 0.036
R1-R3-R4-R5  0.021 0.020 0.011 0.020 0.021 0.024 0.021 0.012 0.021 0.024 0.033 0.029 0.016 0.029 0.033
R2-R3-R4-R5  0.030 0.025 0.014 0.025 0.030 0.031 0.027 0.015 0.027 0.031 0.042 0.037 0.022 0.037 0.042
578 RI-R2-R3-R4-R5 0.020 0.013 0.006 0.013 0.020 0.023 0.014 0.007 0.014 0.023 0.032 0.022 0.011 0.022 0.032

B AR SO A 2 AR AR IR A S AR, N AN ERE S M 1K R AR R A, RO PG
MR A7 0 B 25 T AR, 6F DIl 7 4t 470 57 LA 3 8 PR 7 9 90 0 981 ) A 28 75 S iR T Gawussian Copula
PR PR PEFR ), DTS 4518 R BE S R AL P A4 25 57 1. N, 7222 4k Copula pREURY BEHETT THT, 75 20—
AT

4 S35 3Lk

[ 1] YaoMT, Gao C, Lu M et al. The intensity and frequency characteristics of extreme runoff over the Huaihe River Basin dur-
ing 1959-2008. Geographical Research, 2015, 34(8) ; 1535-1546. DOI; 10.11821/dlyj201508011. [ k&4, w=iR, [f
45, 1959-2008 AT AT It 30 H i 42 T 1Y) B B2 RSB SRRAIE . MbBELAIF ST, 2015, 34(8) ; 1535-1546.]

[ 2] Zheng HX, Liu CM. Analysis on asynchronism synchronism of regional precipitation in planned South-to-North Water
Transfer Areas. Journal of Geographical Sciences, 2000, (5): 523-532. DOI. 10.11821/xb200005002. [ #R4T &, X &
1. FZKALTRAR TP AN TR K SC I K At B ML 43 . HBE2431, 2000, (5) @ 523-532.]

[ 3] WangZG, Luo YZ, Wu MY et al. Synchronous-asynchronous encounter probability analysis on precipitation in the Haihe
River Basin during the last five decades. Journal of Natural Resource, 2013, 28(10) : 1685-1693. DOI; 10.11849/ zrzyxb.
2013.10.004. [ ErpAR, PGHE, RAEFZE. T 50 a W BEK A 0. B AR IRA4H, 2013, 28(10) :



812

[6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

J. Lake Sci.(#a#F3),2019,31(3)

1685-1693. ]

Du YL, Tu XJ, Du XX et al. Analysis of regional irrigation water demand based on high-dimensional Gaussian Copula
function. Journal of Hydraulic Engineering, 2018, 49(3) . 323-331. [ ¥:ZE R, 424, FLEES. FTE4E Gaussian
Copula pRELHY DX I8 FHIEE T K 2007, K441, 2018, 49(3) : 323-331. ]

Mo SH, Sheng B, Zhang XW et al. Synchronous asynchronous encounter probability of rich-poor runoff based on copula
function. Journal of Northwest A & F University : Natural Science Edition, 2009, 37(6) : 131-136. [ 3L#ZL, vk, TKEE
1545, FET Copula BB AR F AR AT, PHALAHARBIE I =24 BARBRRARR, 2009, 37(6) : 131-136. ]
Guan S, Zha XN, Ding B et al. Wetness-dryness encountering of runoff of the pearl river basin based on copula functions.
Tropical Geography, 2015, 35(2) : 208-217. [ i, A&, T Ii4%. 2T Copula PREAYER YT IR N A2 0 4 Ak &
. P LT, 2015, 35(2) : 208-217.]

Sun P, Zhang Q, Cheng XH. Copula-based evaluation of high-and low-flows frequency of the Lake Poyang Basin and the
risk assessment. J Lake Sci, 2011, 23(2) : 183-190. DOI; 10.18307/2011.0204. [ #hlls, sKik, BEEEZE. 3T Copula
DR 01 2808 I )T S (L o T M R e 3 AU TP R, 2011, 23(2) + 183-190. ]

Xie H, Luo Q, Huang JS. Synchronous asynchronous encounter analysis of multiple hydrologic regions based on 3D copula
function.Advances in Water Science, 2012, 23(2) : 186-193. [ #fifE, B, Az, FF =4k copula PRELAYZ K L X.
FHE B . KRbFERE, 2012, 23(2) : 186-193.]

Tu XJ, Chen XH, Diao Z]J et al. Copula runoff model and risk of water shortage in west-to-east water transfer of Pearl River
Delta, China. Transactions of the CSAE, 2016, 32(18) . 162-168. [ ¥ %, MRiEZ, “IR2%E. BRI =MW Copula
TSI R PO /R AT BRAK KU 5387 Al TRR%4K , 2016, 32(18) : 162-168. ]

Liu ZF, Tan SL, Luo YQ et al. Study of the wetness-dryness encountering of inflow of the three biggest reservoirs in the
Dongjiang River basin based on Copula functions. J Lake Sci, 2015, 27(2) : 361-370. DOI; 10.18307/2015.0222. [ XI|
Mk, HEM, B IS T Copula REEUHY AR VLWL 3 KK £ A B3 47. WHARL 4, 2015, 27(2):
361-370.]

Chen L, Guo S, Zhang HG et al. Flood coincidence probability analysis for the upstream Yangize River and its tributaries.
Advances in Water Science, 2011, 22(3) : 323-330. [ BB, 2044, RBERISE. KT LT S0 Btk s a4, KB
2UERE, 22(3) : 323-330.]

Yan BW, Guo S, Chen L et al. Applicability analysis of copula function in hydrological estimation. Mathematics in Practice
and Theory, 2008, 42(3) : 85-93. [ IF| Sk, ¥PLELR, BRIHSE. Copula PRETE K ST A B FH 0. B A 52
B HIAR, 42(3) : 85-93.]

Zhang T, Zhao CW, Luo WS. Random simulation of flood hydrographs based on Copula function. Engineering Journal of
Wuhan University, 2008, 41(4) ; 1-4. [ 3%, B4, HESC/. 36T Copula BRECHIHEAG BBRBLELRL Ik
. TR, 2008, 41(4): 1-4.]

Chen L, Guo S. Copula-based method for multisite monthly and daily streamflow simulation. Journal of Hydrology, 528 .
369-384.

Chen L, Singh VP, Guo S et al. Drought analysis using copulas. Journal of Hydrologic Engineering, 18(7) : 797-808.
Guo SL, Yan BW, Xiao Y et al. Multivariate hydrological analysis and estimation. Hydrology, 2008, 28(3) ; 1-7. [ ¥4
45, EEA, H XA, Copula pRETE LR BRSO Mt i R LSBT0t e k3T, 2008, 28(3) : 1-7.]

Tu XJ, Du XX, Du YL et al. Multivariate joint design of hydrological drought and impact of water reservoirs. J Lake Sci,
2018, 30(2) : 509-518. DOI: 10.18307/2018.0222. [ if#i 7%, #hIER, #1238 R4 KU T R LA mIKA BT BOKE
BN PEAL. MR, 2018, 30(2) : 509-518. ]

Zhou YL, Yuan XC, Jin JL et al. Reginal Hydrological drought frequency based on copulas. Scientia Geographica Sinica
2011, 31(11): 1383-1388. [ AR R, IR, £ R4 FT Copula ) XK SCT AT IEFL%:, 2011,
31(11): 1383-1388. ]

Ma MW, Song SB. Elliptical copulas for drought characteristics analysis of Xi’an gauging station. Journal of China Hydrolo-
gy, 2010, 30(4) : 36-42. [ LHIRTL, RAAAH. IR Copulas pRAIAE Y 2ok SR04 H B9 S . K3, 2010, 30
(4):36-42.]

Tu X, Singh VP, Chen X et al. Uncertainty and variability in bivariate modeling of hydrological droughts. Stochastic Envi-
ronmental Research and Risk Assessment, 2016, 30(5) : 1317-1334. DOI; 10.1007/s00477-015-1185-3.



% #1845 kT Copula &2 SRR MK £ 2R F A58 5 %4 Hr 813

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Ma M, Song S, Ren L et al. Multivariate drought characteristics using trivariate Gaussian and Student t copulas. Hydrologi-

cal Processes, 2013, 27(8) : 1175-1190.

Feng P, Niu YJ, Zhang Y et al. Analysis of wetness-dryness encountering probability among water source rivers and the

Yellow River in the Western Route of South-to-North Water Transfer Project. Journal of Hydraulic Engineering, 2010, 39

(8): 900-907. [V, 4420, BKoKAE. WK AL I P4 42 T A /K 5 DX TRT i 5 B0RT 09 A S8 43 BT KR4 41, 2010,

39(8) : 900-907.]

Cheng YQ, Sun P, Zhang Q et al. Copula-based analysis of hydrological drought frequency in Poyang Lake Basin. Journal

of Natural Disasters, 2013, 22( 1) ; 75-84. DOI; 10.13577/j.jnd.2013.0111. [ FFi %, FMIE, sKk5m4%E. FT Copula [

BB WK ST R, AR F R, 2013, 22(1) : 75-84.]

Guo H, Hu Q, Zhang Q et al. Annual variations in climatic and hydrological processes and related flood and drought occur-

rences in the Poyang Lake Bain. Journal of Geographical Sciences. 2012, 67(5) : 699-709. [ Z4¢, HU Qi, 5Kk#755. %RFH

WK SO AR LR B S B L. B3R, 2012, 67(5) @ 699-709. ]

Ye XC, Zhang Q, Liu J et al. Impacts of climate change and human activities on runoff of Poyang Lake Catchment. J Glac-

iol Geocryol, 2009, 31(5) : 835-842. [ M7, sk, XIMRAE. S ARAL M AN ZETE Bl 508 30 BH 8 I A A2 A i 5 i

BEFE. VK, 2009, 31(5) : 835-842.]

Ye XC, Zhang Q, Liu J et al. Natural runoff change characteristics and flood/drought disasters in Poyang Lake catchment

basin. J Nat Disaster, 2012, (1) 140-147. [ M55, o5, XMESE. B FHMIR R AR R ELRE 5K EKE. B

SRICFE2EAR, 2012, (1) : 140-147. ]

Cui T, Xu XF, Liu L et al. Variation characteristics of annual average runoff and evolution law of high and low in Poyang

Lake Basin. Water Resources and Power, 2014, 32(8) . 22-25. [ £ 5], VFHr &, X% %5, FBH 7 BAE bR 7 X R,

ALSMT. KL REIERL:, 2014, 32(8)  22-25.]

Li SQ, Min Q, Tan GL et al. Cause analysis of low water characteristics of Poyang Lake in 2006. Hydrology, 2008, 28

(6): 73-76. [ 2=y, 9%, WE R B 2006 AEAKFRAE K HRBTFE. /K 3C, 2008, 28(6) : 73-76.]

Hong XJ, Guo SL, Li TY. Multivariate analysis on low flow frequency at Duchang station in Poyang Lake using copula

function. Journal of Yangize River Scientific Research Institute. 2014, 31(12) ; 11-16. [ #3458 ¥4, Koo, T

Copula pREIK R BH IR B 5 Al 2K 272 BRI M. RITRBEBEdk , 2014, 31(12) . 11-16~]

Liu YB, Zhao XS, Wu GP. A primary investigation on the formation of frequent drought in the Poyang lake basin in recent

decade. Resources and Environment in the Yangtze Basin, 2014, 23(1) ; 131-138. [ XJCi, #@XHErs, 2. 5 H4FE

FE T8 DR 3 T 5 R IR R I . T R B R 5 3045, 2014, 23( 1)+ 131-138.]

Gan XY, Liu CL, Huang XM. Study on the drought in Poyang Lake. Journal of Anhui Agri Sci, 2011, 39(24) . 14676-

14678. [ H /M, XUBIAK, B/MIL BEHSI T 525007 ZRURILRLE, 2011, 39(24) : 14676-14678. ]

Fei YF. A method for estimating the conditional probability of multi-random variables and its application in hydrology. Jour-

nal of Hydraulic Engincering, 1995, (8) ; 60-66. [ Bk, 46BN R0 5 P BES T8 77 1 B HCAE K SC TR B
JH. K2R, 1995, (8) @ 60-66. ]

Renard B, Lang M. Use of a Gaussian copula for multivariate extreme value analysis: Some case studies in hydrology. Ad-

vances in Water Resources, 2007, 30(4) ; 897-912.

Dobri J, Schmid F. A goodness of fit test for copulas based on Rosenblatt’s transformation. Computational Statistics & Data

Analysis, 2007, 51(9) : 4633-4642.

Genest C, Rémillard B, Beaudoin D. Goodness-of-fit tests for copulas: A review and a power study. Insurance Mathematics

& Economics, 2009, 44(2) . 199-213.

Tu X, Du YL, Singh VP et al. Joint distribution of design precipitation and tide and impact of sampling in a coastal area.

International Journal of Climatology, 2017, 38(S1) : €290-e302. DOI; 10.1002/joc.5368.

Gringorten 1I. A plotting rule for extreme probability paper. Journal of Geophysical Research, 1963, 68(3) . 813-814.

Ministry of Water Resources, People’s Republic of China ed. Standard for essential technical terms and symbols in hydrolo-

gy. Beijing: China Planning Press, 1999. [ g A\ RN EKFIFHS. /K SCEARFEMAFSHRAE. d6at: JE -l i

#t, 1999.]

Salvadori G, Durante F, Michele CD. Multivariate return period calculation via survival functions. Water Resources Re-

search, 2013, 49(4) ; 2308-2311.



