Journal of Water Resources Research /K% ¥E#F 7, 2012, 1, 186-194 Hans X
http://dx.doi.org/10.12677/jwrr.2012.14026  Published Online August 2012 (http://www.hanspub.org/journal/jwrr.html)

Drought CharacteristicsAnalysis Using Copulas

Lu Chen*?, Shenglian Guo', Baowei Yan?, Tianyuan Li*

'State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan
*College of Hydropower and Information Engineering, Huazhong University of Science and Technology, Wuhan
Email: chl8505@126.com

Received: Mar. 8", 2012; revised: Mar. 28", 2012; accepted: Apr. 7", 2012

Abstract: Droughts are of great importance in the planning and management of water resources. This study
proposed a new model for analyzing the characteristics of droughts based on copula functions and Standard-
ized Precipitation Index (SPI). First, M years of daily rainfall data were simulated for evaluating drought
characteristics. Second, drought characteristics, namely, drought duration, severity, interval time and mini-
mum SPI values, were introduced and determined in this model. Then, several copulas, including symmetric
and asymmetric Archimedean and meta-elliptical copulas were applied to construct four-dimensional joint
distributions. Drought probabilities and return period were calculated and analyzed based on a four-dimen-
sional copula using the upper Han River basin, China, as a study area. The results show that compared with
the current methods, the four-dimensional joint distribution considering more variables can reveal the real
characteristics of droughts. The analysis results can provide technique support for the well-known South-
to-North Water Diversion Project (SNWDP) in China.
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Figure 1. Definition sketch of drought events
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Table 2. Comparison of statistical variables between historical and synthetic data
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Figure 2. SPI values with different time scales
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Table 3. List of Pearson and Kendall correlation coefficients of draught events (SPI < 0)
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Figure 3. Frequency curves of marginal distribution
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Table 4. Estimated parameters of symmetric and asymmetric Archimedean Copulas
3 4. FFRBIEXTFR Archimedean Copula ¥ &8t HHE

XFFR JEXSFR
Archimedean copula
0 61 02 63
Gumbel 1.66 ' 1.40 1.40 2.80
Frank 4.62 3.38 3.38 12.50
Clayton 1.27 0.54 0.55 6.78

Table 5. Estimated parameters of elliptical Copulas
% 5. #[E Copula &HEEISHMEIHE

Elliptical copula p1 P2 p3 Pa Ps Ps v
IER 0.92 0.73 0.50 0.45 0.30 0.70
t-copula 0.88 0.59 0.51 0.32 0.26 0.79 18.95

Table 6. RMSE and Al C values of different Copula functions
# 6. 7 Copula FHH RMSE f1 AIC &

Archimedean Copula 15 Copula
Ei=2aN Gumbel Frank Clayton
IER t
A B A B A B
RMSE 0.048 0.028 0.031 0.022 0.052 0.049 0.013 0.022
AIC —8897 —-10,482 -10,179 —-11,189 —8662 —8841 -12,721 -11,177

W A $EFRE Archimedean Copula; B #5EXH#K% Archimedean Copula.
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Figure 4. Fitting curves of observed and theoretical joint probabilities
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TR T, HF(x)%T 099 B, XRKFRIOE. F
FRFRRE L fe/N SPIAE AN 5 A B I (8] (194235349 6.84,
2.57, 624 #19.55; 4E L, <I, B, FFfF
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6.6. EMHEAD R

B, S TREGRRTEENN. 215,
TS B [ AL 3.09, % 8 A T M E Y
T%:F 5, 10, 20, 50 F1 100 i, HHEEFH T 54
EIRHEE. K, o T RHAMEEG EII. B
HEMNSAG S MMBE S AR A G, K84
H T AR E RGO R KA, DURAE R AR
A HIAA X AR =g, =4S HIL
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Table 7. Results of joint and conditional distributions
R 7. REBRMFGMESHER
F(x) Dy Sa Iy Ly AR KR
0.1 0.25 0.24 0.65 0.95 0.01 0.14
0.3 0.68 0.57 1.22 1.82 0.10 0.33
0.5 1.21 0.95 1.78 2.67 0.25 0.49
0.7 1.98 1.40 2.49 3.76 0.46 0.66
0.9 3.58 2.03 3.81 5.78 0.78 0.86
0.99 6.84 2.57 6.24 9.55 0.97 0.98
Table 8. Return periods (years) of drought events E
=8 TEEANEIVAIH
T 5 10 20 50 100
F(x) 0.38 0.69 0.85 0.94 0.97
Dy 1.44 245 3.31 434 5.08
Sa 0.88 1.94 2.95 4.27 525
Iy 0.72 1.38 1.83 221 2.39
F(xp) 0.32 0.63 0.81 0.92 0.96
Sa>Say 1a> iy Toand 5.55 12.24 26.51 72.66 154.81
Tor 4.55 8.45 16.06 38.11 73.85
F(x,y) 0.27 0.59 0.78 0.9 0.95
Dy>du, Sa> sa Toand 6.13 15.15 36.39 113.35 265.09
Tor 4.22 7.46 13.79 32.07 61.62
F(x,y) 0.21 0.54 0.75 0.89 0.94
Dy>dg, o> ia Toand 6.85 19.8 55.47 211.55 576.19
Tor 3.94 6.69 12.2 28.35 54.75
F(x,p.2) 0.21 0.53 0.74 0.88 0.94
Dy>dy, Sq>Vsa, Ii> ia Tand 6.95 19.99 55.84 216.57 594.73
Tor 3.92 6.59 11.81 26.81 50.73
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Figure 5. Conditional return periods of drought events
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