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Abstract: Variations of hydrological droughts largely decide the variability and availability of water re-
sources of a river basin. The East River basin bears the heavy responsibility for water supply for the megaci-
ties within the Pearl River Delta region and those in the vicinity of the Pearl River Delta such as Shenzhen
and Hong Kong. About 80% of the water consumption of Hong Kong has to be satisfied by the water supply
from the East River. In this case, the sustainable water supply from the East River basin will be greatly sig-
nificant for the regional social stability. In this study, statistical behaviors and risks of the hydrological
droughts of the East River basin are evaluated using copula functions and the secondary return periods based
on the daily streamflow data covering the period of 1975-2009. The research results indicate that the hydro-
logical droughts of high drought severity and long duration are subjected to the decreasing risks from the up-
per to the lower East River basin. However, the droughts of higher severity or long duration are subjected to
the lower risk in the upper East River basin when compared to those in the lower East River basin. Water re-
sources management of the East River basin should be integrated by taking the East River basin as a whole.
And the results of this study will provide theoretical and scientific grounds for the basin-scale water resources
management.
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Figure 1. Study region and hydrological stations
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Table 1. Three types of popular Archimedean Copulas
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Table 2. The p-value of Kolmogorov-Smirnov tests for univariate duration, severity distribution fit and goodness-of-fit tests for Copula
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Gpa Logn Gam Exp Gpa Logn Gam Exp Clayton Frank Gumbel Plackett
Al 0.00 0.05 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.31
IR 0.00 0.11 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.10
N 0.14 0.90 0.13 0.17 0.05 0.41 0.05 0.00 0.00 0.00 0.00 0.74
% 0.08 0.70 0.14 0.14 0.04 0.17 0.07 0.00 0.01 0.00 0.00 0.57
Copyright © 2012 Hanspub 113



B1E - B3 HA 8, A5 BT Copula pRE AR VL HTEK S FARFAE BT
Table 3. The characteristics for each hydrological station
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Figure 3. Fitting the max hydrological annual drought duration and severity of the four hydrological stations, (a) The observed max hydro-
logical annual drought duration of the four hydrological stations with fitted generalized extreme value distribution (k = 0.48, sigma = 27.07,
mu = 26.09); and (b) The observed max hydrological annual drought severity of the four hydrological stations with fitted generalized extreme
value distribution (k = 1, sigma = 1674, mu = 1221)
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Figure 4. The joint behave of the max hydrological annual drought
duration and severity of the four hydrological stations modeled by
the Gumbel-Hougaard Copula with parameter 6 = 6.94
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Table 4. The results of at the predefined univariate return period,
the value of drought duration, severity and the return period of
bivariate extreme event with the same univariate return period
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A
AR ES =] =
igiﬂgﬁﬁi# JEEJT#& T;g/iﬁd% SR R
2 37 1966 2.15 1.87
5 86 7195 5.51 4.58
10 136 16,020 11.10 9.10
20 206 33,988 22.27 18.15

e B FORXPA AR R AR EIU N RN A =R, <57
FORIX PN AL BAEA [ 5L B U A — AR AR I E I

115



F1E - F3W B4k,

T Copula BRI AR VTHUIBIK SCTF FRFIE 5 BT

10 £EF1 20 FE— BN FFHH — AR AR E
PHH S 50N 1.87 4E. 4.58 5. 9.10 HEA1 15.58 4 —if,

5. &g

T2l TR R R R, T AR
BRI AT Copula PAEIFR . Copula PREL
WEMERLG S LK, Plackett Copula BEASIR L1
FETR ZRVL IR I Y A 7K S - 52 B R 5 BE PR A 0% 1
g5k, 1E 95%IM BAS X [H] N B3 .

Salvadori 1 De Michele $&it 1 55 — B B
o, HRER KA HEIIR T —EH AR I
fiATTIN A B EE LT RS o A R vl AR Ak T — A
SRS HRIIAR R, DRI AR S DA ARV LI 8K ST
FRHEHAT 7B 8T A KB, KD Hos e
) SR 5 B AN TR LA R A i E LA,
K 7 IR B 5 i 11 5 A 1) B B R T A B
IS I EARTLIE, RAEKTI HomisfE
() SR A 1 XU R 30 m) R VBN, TR A K
AN i e )1 O 5 = N [ i
Ky Bl 5 B AR R B — e AR, ARVDIR
T Ve R XU A X BAIG

M IRILIUIRA — > X80k AR K ) B0 5 B2 1)
T REE XA TG KERT, 2 BN
TKGRYRE PRI R, DR T 7K B2 U5 A B S TG B
— AN, DTN X LR A A AT A o At B
HER o NSO PUAS K LG 7K SCAE N B KT
B3 B R 55 B PR e KB B AT o3 b, 45 SRR
20 BN B — AR R AT R 206 K
EDH—AKSOE R AET 5L 33,988 mYs d; 43X
AT B[R A A I S I 22.27 4,
MR AN S R — AN R AR BN 15.58 H—
B HAFERRE, A s FIRIE Copula bR
1753 BT e bR e 1R] - 5 S 2 A BT, X
AMEEA ARG ELI, SR LA D0 FE o 36 45 SR oK
F, WA Copula BREHITE 95% MBS X A1
w3, RIMARSON GRS,

£EHk (References)

[11 KAO, S. C., GOVINDARAIJU, R. S. A copula-based joint defi-
cit index for droughts. Journal of Hydrology, 2010, 380(2):
121-134.

116

(2]

(3]
(4]
(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

American Meteorological Society. Statement on meteorological
drought. Bulletin of the American Meteorological Society, 2004,
85: 771-773.

WILHITE, D. A. Drought as a natural hazard: Concepts and
definitions. Drought, A Global Assessment, 2000, 1: 3-18.
MISHRA, A. K., SINGH, V. P. A review of drought concepts.
Journal of Hydrology, 2010, 391(2): 202-216.

VOROSMARTY, C. J., GREEN, P, SALISBURY, J. and LAM-
MERS, R. B. Global water resources: Vulnerability from climate
change and population growth. Science, 2000, 289(5477): 284.
LIU, C. L., ZHANG, Q., SINGH, V. P. and CUIL Y. Copula-
based evaluations of drought variations in Guangdong, South
China. Natural Hazards, 2011, 59(3): 1533-1546.

Kok, IR, WRIBER, 5. F T Copula BB SR i
I 2 AR AR HET]. M 244, 2011, 66(1): 3-12.
ZHANG Qiang, LI Jianfeng, CHEN Xiaohong, et al. Spatial
variability of probability distribution of extreme precipitation in
Xinjiang. Acta Geographica Sinic, 2011, 66(1): 3-12. (in Chinese)
SALVADORI, G, DE MICHELE, C. Frequency analysis via
copulas: Theoretical aspects and applications to hydrological
events. Water Resources Research, 2004, 40(12), Article ID
WI12511.

ML, Ko, PRz, BT 2R T SRR T
SARHERFFL[)]. HERAEHR, 2012, 67(1): 83-92.

XIAO Mingzhong, ZHANG Qiang and CHEN Xiaohong. Spa-
tial-temporal patterns of drought risk across the Pearl River Ba-
sin. Acta Geographica Sinic, 2012, 67(1): 83-92. (in Chinese)
HT, TLUE, 2R, . 0T 46 TR ARILIAIEM KL
BTN, KL, 2010, 30(5): 85-90.

DONG Manyu, JIANG Yuan, LI Yuping, et al. Analysis of pre-
cipitation change trend over last 46 years in Dongjiang River
Basin. Journal of China Hydrology, 2010, 30(5): 85-90. (in Chi-
nese)

FIRAL, BRI, #i. RIS u R R FER R EF 5
ZIRREEM W], A KR KR, 2010, 2: 21-24,
WANG Zhaoli, CHEN Xiaohong and YANG Tao. Multiple time
scale analysis of natural annual runoff series at the Boluo Station
in the Dongjiang River Basin. China Rural Water and Hydro-
power, 2010, 2: 21-24. (in Chinese)

FICAL, BRIRZE, ¥l 1 50a ZRITHUISAS AR fb S s R 2
IYM[I. EARBEIEAAR, 2010, 25(8): 1365-1374.

WANG Zhaoli, CHEN Xiaohong and YANG Tao. Runoff varia-
tion and its impacting factors in the Dongjiang River Basin dur-
ing 1956-2005. Journal of Natural Resources, 2010, 25(8): 1365-
1374. (in Chinese)

RYLSR, (THE5E, T, 55 RILAIK 1959~2009 4k
B o A2 R R [T]. AR 2R B SR, 2011, 20(12):
1783-1787.

LIN Kairong, HE Yanhu, LEI Xu, et al. Climate change and its
impact on runoff during 1956-2009 in Dongjiang Basin. Ecology
and Environmental Sciences, 2011, 20(12): 1783-1787. (in Chi-
nese)

ZHOU, Y., ZHANG, Q., LI, K. and CHEN, X. Hydrological
effects of water reservoirs on hydrological processes in the East
River (China) basin: Complexity evaluations based on the mul-
tiscale entropy analysis. Hydrological Processes, 2011, in press.
YEVIJEVICH, V. Objective approach to definitions and investi-
gations of continental hydrologic droughts. Hydrology Paper 23,
Fort Collins: Colorado State University, 1967.

FLEIG, A. K., TALLAKSEN, L. M., HISDAL, H. and DE-
MUTH, S. A global evaluation of streamflow drought character-
istics. Hydrology and Earth System Sciences, 2006, 10(4): 535-
552.

ZELENHASI, E., SALVAI A. A method of streamflow drought
analysis. Water Resources Research, 1987, 23(1): 156-168.
TALLAKSEN, L. M., MADSEN, H. and CLAUSEN, B. On the
definition and modelling of streamflow drought duration and
deficit volume. Hydrological Sciences Journal, 1997, 42(1): 15-
33.

Copyright © 2012 Hanspub



B - B3 HAE, 4. #T Copula B ARVILIISK S FAFE 4
[19] MADSEN, H, ROSBJERG, D. On the modelling of extreme [25] SALVADORI, G. Extremes in nature: An approach using copu-
droughts. IAHS Publications: Series of Proceedings and Reports, las. New York: Springer Verlag, 2007: 113-284.
Intern Association Hydrological Sciences, 1995, 231: 377-386. [26] SALVADORI, G.,, DE MICHELE, C. Estimating strategies for
[20] NELSEN, R. B. An introduction to copulas. New York: Springer multiparameter multivariate extreme value copulas. Hydrology
Verlag, 2006: 7-269. and Earth System Sciences, 2011, 15(1): 141-150.
[21] SKLAR, A. Fonctions de répartition a n dimensions et leurs [27] PICKANDS, J. Multivariate extreme value distributions, bull.
marges. Paris: Publications de I'Institut de Statistique de 1’Uni- International Statistical Institute, 1981, 49: 859-878.
versité de Paris, 1959: 229-231. [28] SHIAU, J. T., SHEN, H. W. Recurrence analysis of hydrologic
[22] GENEST, C., RIVEST, L. P. Statistical inference procedures for droughts of differing severity. Journal of Water Resources Plan-
bivariate Archimedean copulas. Journal of the American Statis- ning and Management, 2001, 127(1): 30.
tical Association, 1993, 88(423): 1034-1043. [29] GENEST, C., REmillard, B. and BEAUDOIN, D. Goodness-
[23] PLACKSETT, R. L. A class of bivariate distributions. Journal of of-fit tests for copulas: A review and a power study. Insurance:
the American Statistical Association, 1965, 60(310): 516-522. Mathematics and Economics, 2009, 44(2): 199-213.
[24] KAO, S. C., GOVINDARAIJU, R. Trivariate statistical analysis [30] GENEST, C., KOJADINOVIC, 1., NESLEHOVA, J. and YAN, J.

of extreme rainfall events via the Plackett family of copulas.
Water Resources Research, 2008, 44, Article ID: W02415.

Copyright © 2012 Hanspub

A goodness-of-fit test for bivariate extreme-value copulas. Ber-
noulli, 2011, 17(1): 253-275.

117



