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Copula-based analysis of hydrological drought
frequency in Poyang Lake Basin
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Abstract; In this study, hydrological drought characteristics were identified using run-length theory and analyzed
using Mann-Kendall method. Meanwhile, the Kolmogorov-Smirnov ( K-S) method was employed to evaluate the
goodness-of-fit of the eight probability functions. The multivariate analysis method, copula function, was introduced
with aim to investigate joint probability behaviors of drought-duration and drought-severity of the major tributaries of
the Poyang Lake Basin, the largest fresh-water wetland in China, and the cause and influence of probability change
of hydrological characteristics was explored meaningfully. The results indicate that: (1) Lognormal distribution is
the candidate distribution function with the highest goodness-of-fit in the study of hydrological drought over the
Poyang Lake basin. (2) The number of drought is the least and the drought-duration is the longest in Ganjiang
River Basin and Raohe River Basin, while the number of drought is the most and the drought-duration is the
shortest in Fuhe River Basin. (3) The frequency of drought-duration and drought-severity in Fuhe River is higher

than other River Basin, but the frequency of drought-duration and drought-severity in Raohe River is lower than

Wi HER 2012 -05 -17; {&[EIHHF.2012 -07 - 10
ESTA: HEARBSIEETH (41071020;50839005 ) 5 Fith 428 08 75 A A SRR 5 7 s b SCR 2% i BB 55 b 2% 3153 8 s 0 H
(1902042)
YEE BT Rk B (1964 - ) 55 002, 11, 2R A RS A A0 X35 - b A1) FH 725 B 0T 7K SC A 52 ) | B V38 3 A9 A0 I 9 3K S LBk
L= NK SR AL, A K T e 3 T /K 97 A FE ST . E-mail ; ydavidchen@ cuhk. edu. hk
BIRAEE . okoim, 247, 1+ 4 Sl E-mail: zhangq68 @ mail. sysu. edu. cn



- 76 - A % R F ¥ M)t 22

other River Basin. Hydraulic facilities and forestation are helpful to decrease the drought-severity, but the
increasing of agriculture land can increase drought-severity.

Key words : hydrological drought; frequency analysis; Copula function; Poyang Lake Basin
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Table 1  Detailed information of hydrological stations and stream flow in Poyang Lake region
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Fig.1 Location of the Poyang Lake Basin and its, hydrological stations, water reservoirs and irrigation areas
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Fig.2 Definition of drought events using run theory
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Table 2 K —S’s statistics D for the 11 probability distribution functions describing

drought-duration and drought — severity
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G345 PR SN FRIE MUk Al TS THEW _s’p
D S D N D S D S D S D S A
F A (5P) 0.104 0.118 0.044 0.045 0.064 0.057 0.072 0.120 0.089 0.109 0.081 0.064 0.081
AT IR (3P) 0.103 0.045 0.097 0.080 0.070 0.069 0.058 0.089 0.086 0.072 0.062 0.083 0.076
34345 (3P) 0.143 0.105 0.070 0.108 0.074 0.063 0.086 0.130 0.103 0.093 0.093 0.106 0.098
XHBIE A5 534 (3P) 0.090 0.056 0.093 0.041 0.055 0.041 0.068 0.072 0.072 0.072 0.049 0.059 0.064
X HOE A (3P) 0.086 0.071 0.096 0.037 0.059 0.040 0.064 0.071 0.065 0.064 0.123 0.051 0.069
7S 24405 (3P) 0.104 0.118 0.042 0.045 0.064 0.057 0.072 0.120 0.089 0.109 0.081 0.064 0.080
I SR AE 4370 (3P) 0.143 0.113 0.077 0.066 0.087 0.081 0.092 0.139 0.108 0.113 0.117 0.083 0.102
BT (2P) 0.150 0.203 0.133 0.157 0.108 0.177 0.078 0.226 0.124 0.201 0.196 0.247 0.167
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Table 4  Drought-duration and drought-severity in six stations under different return preiods
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2 32 5915 17 828 22 1 036 33 411 33 233 23 234
3 48 10 556 25 1264 33 1695 50 720 49 405 35 395
5 72 19 527 37 1955 49 2 859 75 1305 74 728 57 683
7 92 27 833 47 2507 62 3 869 94 1 840 93 1021 76 935
10 116 39 235 59 3191 77 5191 118 2 567 117 1417 101 1267
20 172 70 994 88 4842 115 8 645 173 4562 173 2 499 164 2 141
30 211 97 002 109 6 035 141 11 318 211 6178 213 3369 212 2822
50 270 139 720 140 7 809 180 15 517 267 8 804 272 4778 287 3 899
70 314 175 020 164 9 159 210 18 860 309 10 958 316 5929 346 4761
90 349 206 110 184 10 285 234 21 732 343 12 844 352 6 935 397 5503
100 366 220 130 193 10 777 245 23 009 358 13 693 368 7 387 419 5834
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Table 5 Selection of Copula function based on least deviation square sum

OLS {K SR R Tt Al P ST TR
Gumbel — Hougaard 0.03 0.03 0.03 0.18 0.17 0.10
Frank 0.43 0.35 0.45 0.41 0.41 0.34

Clayton 0.06 0.07 0.04 0.18 0.17 0.10
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Fig.3  Test results of Genest — Rivest method
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Table 6  Joint return period and concurrent return period of drought — duration and drought — severity

i LNl ZERWE Ty &1L ST UESL
— KE® FEE BKAE FHE BKe®E FAUE KESE FRNE Ke®E FRE Ke®E FARE
’ BWWIT, BUMT, BT, BUMT, BT, BUMT, BT, BUNT, BT, BUNT, BWIT, BUWT,
2 1.8 2.3 1.7 2.4 1.8 2.2 1.8 2.2 1.8 2.2 1.8 2.3
3 2.6 3.6 2.4 4.1 2.6 3.6 2.7 3.5 2.7 3.4 2.5 3.8
5 4.0 6.6 3.7 7.9 4.1 6.4 4.2 6.2 4.2 6.1 3.8 7.1
7 5.4 9.8 4.9 12.1 5.5 9.5 5.7 9.0 5.8 8.9 5.2 10.8
10 7.5 14.9 6.8 19.1 7.7 14.3 8.0 13.5 8.0 13.3 7.1 16.6
20 14.2 33.6 12.7 46.5 14.6 31.9 15.1 29.4 15.3 29.0 13.5 38.8
30 20.8 54.0 18.6 78.1 21.3 51.0 22.1 46.5 22.3 45.8 19.6 63.6
50 33.5 98.3 30.0 150.3 34.3 92.0 35.8 82.8 36.1 81.3 31.7 118.7
70 46.1 145.8 41.2 231.4 47.2 135.8 49.2 121.0 49.6 118.6 43.5 179.1
90 58.4 195.8 52.4 319.3 59.8 181.5 62.5 160.7 63.0 157.4 55.2 243.4
100 64.6  221.5 57.9  365.4 66. 1 205.0 69. 1 181.0 69.7 177.2 61.0  276.8
3 e
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Fig.4 Affected area and disaster-formative area of crops in Poyang Lake Basin from 1949 to 2005
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