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Abstract. Lake Dongting is an important river-connected lake with a complicated water system pattern in the middle reaches of the
Yangtze River. Under the dual influence of climate change and human activities, the river-lake relationship has changed and ex-
treme drought events have occurred frequently in recent years. Based on the measured data of the hydrological stations of Lake
Dongting, the catchment of Lake Dongting and the tributary of the Yangtze River, this study identifies hydrological drought events
through the standard water level index (SWI) and the standard runoff index ( SRI). Copula function is employed to analyze the
characteristics of joint probability distribution of concurrent hydrological drought in the lake-catchment-river system. The results re-
vealed that there were 9 hydrological drought events in Lake Dongting and the probability of hydrological drought was 14.01% from
1964 to 2016. Meanwhile, the joint probability of concurrent hydrological drought in the Lake Dongting-catchment system and Lake
Dongting-Yangtze River system were 9.65% and 8.58% , which indicates that the inflow from the basin has a greater impact on the
hydrological drought of Lake Dongting on the annual scale. On the seasonal scale, the joint probability of hydrological drought in
the spring of the Lake Dongting basin system is the highest, and the number of hydrological drought events occurring concurrently is
the most, indicating that the hydrological drought in the spring of Lake Dongting is closely related to the decrease in the recharge to
the basin. The Lake Dongting-Yangtze River system has the highest joint probability of hydrological drought in autumn, especially
since 2003. On the one hand, it is affected by the reduction of autumn precipitation and human activities in the basin. On the other

hand, it is also one of the important reasons that the autumn impoundment of the Three Gorges Reservoir reduces the water level of
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the middle and lower mainstream of the Yangtze River, which weakened the blocking effect of the Yangize River.
Keywords : Hydrological drought; Copula; Lake Dongting-catchment-Yangtze River; standard water level index (SWI) ; standard
runoff index (SRI)
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Fig.1 Locations of river network, hydrological stations and meteorological stations
in the Lake Dongting-catchment-Yangtze River system
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Tab.2 Goodness-of-fit values of the marginal distributions of the SWI and SRI

based on the Kolmogorov-Smirnov test

X3, UL Ziwiil Geitht LAF Eees eSS ZE S
TR B8 SWI Weibull D 0.11 0.07 0.12 0.13 0.12
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Tab.3 Goodness-of-fit values of the marginal distributions of the SWI and SRI based on the AIC
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s, SRI Weibull 152.69 153.08 154.47 149.35 163.09
Logis 154.09 153.99 154.57 153.73 163.15
Gamma 160.79 162.29 167.55 151.32 158.68
KT SRI Weibull 156.52 150.88 159.43 156.03 225.90
Logis 154.55 153.36 154.89 157.65 234.94
Gamma 174.10 152.28 169.06 171.43 223.80
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Tab.4 Exchange ability test of the SWI and SRI
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Fig.2 Annual scale probability distribution of the SWI of Lake Dongting(a) ;
the probabilities of the SRI of the catchment(b) and Yangtze River(c)
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Tab.6 Hydrological drought probability comparison of Lake Dongting-catchment-Yangtze
River system from 1964 to 2016

[X 3 g3t SAR HE S #ZE X%
T B 1 REZ/ % 14.01 15.58 15.66 32.46 4.60
FEHW/ a 7.14 1.60 1.60 0.77 5.42

1964— 2016 4E k%L 9 11 6 15 1

2003— 2016 4F IR EL 4 2 2 7 0
Wi HER/ % 16.20 16.26 13.70 15.31 8.13
EIHI/ a 6.17 1.54 1.83 1.63 3.08

1964— 2016 4E k% 10 10 8 8 5

2003 — 2016 4F AL 2 4 2 3 1
K HER/ % 14.35 16.14 14.79 14.44 16.27
FIHI/ a 6.97 1.55 1.69 1.73 1.54

1964— 2016 4FE k%L 7 8 9 8 6

2003 — 2016 4F 5L 3 0 3 5 0
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Fig.3 Seasonal scale probability distribution of the SWI of Lake Dongting (a—d) ;
the probabilities of the SRI of the catchment(e—h) and Yangtze River(i-1)
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Fig.5 Seasonal joint probability of concurrent drought between Lake Dongting and its catchment

from 1964 to 2016( a—d illustrate probabilities in spring, summer, autumn and winter, respectively)
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Fig.6 Seasonal joint probability of concurrent drought between Lake Dongting and the Yangtze River
from 1964 to 2016(a—d illustrate probabilities in spring, summer, autumn and winter, respectively)
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