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Abstract: During recent decades, hydrological regimes at the three outlets (i.e., Songzi, Taiping and Ouchi outlets) of Lake
Dongting have been greatly changed, which is comprehensively caused by the cutoff works in the Jingjiang River channels, opera-
tion of the Gezhou Reservoir, flood storage and operation of the Three Gorges Reservoir (TGR) , and soil-water conservation prac-
tices in the upper reaches of the Yangtze River Basin. The obviously hydrological variability in the basin would inevitably influence
the flood disasters control, water resources management, and protection of water ecology and environment. For investigating the
changes and variability in the hydrological process occurred in the basin, in this study we employed the hydrological variability de-
tection system ( composed of namely primary diagnosis, detailed diagnosis and comprehensive diagnosis) and the Zivot-Andrews u-
nit root test method, mainly to identify the changes in the annual maximum peak flood series and annual highest flood level series
measured at five stations at the three outlets of Lake Dongting, as well as attributing their physical causes. The diagnosis system in-
cludes many methods, by which shortages of a certain method can be overcome and different results of methods can be compared.
The Zivot-Andrews unit root test can be used to determine the local trends in a hydrological series. Diagnosis results indicate that
the annual maximum peak flood processes at the three outlets consistently show a similar downward trend, which is closely related

to the changes in the water-sediment diversion ability and upstream flow changes. A downward jump point in 1968 was detected at
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some stations, and the three outlets cut-off construction can be the reasons. The annual maximum peak flood process at the
Kangjiagang station has local trends, and the trend slope was greatly changed before and after the local trend year 1968. It can be
caused by the influence of the three outlets cut-off construction. The annual highest flooding water level series presented a downward
jump in 2004, mainly due to the erosion of flood channels, peak flow reduction, jacking function weakened and the increases in
the upstream and downstream changes.

Keywords: Hydrological variability; detection and attribution; flood peaks; Lake Dongting; Yangtze River
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Fig.2 The flow chart of hydrological variation diagnosis system
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Fig.3 Time series of the annual largest flood peak flow and highest flood water level measured
at each station in the three outlets of Lake Dongting ( 1956-2014)
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Tab.1 Detection results of variabilities in the annual maximum peak flood series measured
at five stations in the three outlets of Lake Dongting ( 1956-2014)
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Tab.2 Detection results of variabilities in the annual highest flood water level series

measured at five stations in the three outlets of Lake Dongting (1956-2014)
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Fig.4 Abrupt changes detected in the annual maximum peak flood series
measured at five stations in the three outlets of Lake Dongting (1956-2014)
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Tab.3 Changes of flow/sediment ratio series of the three outlets at five periods
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Tab.4 Detection results of variabilities in the annual maximum peak flood series measured
at the Zhicheng station (1956—2014)
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Fig.5 Abrupt changes detected in the annual maximum peak flood series measured
at the Zhicheng station (1956— 2014)

SRR RO AR i R P A AE 2004 4R R AR 1) N BBKER AR S I ()5 RO BRE I L3 2 AR R A
IKIEAE HEABAT , 40 2003 45 =W K T RAEE KAz AT ™2 L S R ot 41 e A T 048 O A — e/ A J K Hh
TR MAHSER R MR EL R>0.99. BUEAH R R AR, F =K BRAT e R A PEBHR PR =K PR AT dpe K
PR, BB =0 B R BE SR, IO TR A A e Rt e B B . 545 3 1 I SRR AR L, RO AR i
FUEE T B -1 R 10346 m? /s, MIXT T FRIE B2 Ry 19.36% . WAl o2 5 e sl 47 d5e K PRIt 1728 SR A AL,
T =087y AL R 8 X ARl anly 4 e b e A A 1 52
0} Sy N [ O 57 S A W R T G Y T | A )
BRA 10 AR 5 - TR, 32K L |
rainfall series measured at some meteorological stations AR B A R SRR S A

of the upper reaches of Yangtze River(1960-2014) FAFCH (1] 6) X5l n AR AL B PP 5 (AR T H
EIRR 3 H AEmRK S HAMERKR 7 H) #4748 745
Br O RUF I A —, 5B 1960 — 2014 4F) .
MRS 2001 B R R S Rt BLAS S (R S) . LA U A
R 1966 T 1966 T 196 T e R R K T PR
R 1991 1991 | 1991 | 1991 | . N . R
Mk R AR BAR 20001 JP TR 5 AR 0 SRR T H RN R AR R B T A

XoF S R, Xof W R A AR A S . TR, At 11

&5 MU B AR B R T P8
AL WAE R (1960— 2014 45)

Tab.5 Detection results of variabilities in the extreme
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Tab.6 Detection results of variabilities in the flow ratio series measured

at the three outlets of Lake Dongting (1956-2014)
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Fig.7 Abrupt changes detected in the annual flow ratio series measured

at the three outlets of Lake Dongting ( 1956-2014)
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Tab.7 Correlation efficient between annual flow ratio series and annual maximum

peak flood series measured at five hydrological stations in the three outlets of Lake Dongting
i RN ThTE PRBESFuY AR 1 v R

MRRE 0.40 0.84 0.92 0.81 0.95

e 8 TINVLEAD A G = 1 b A2 1k
Tab.8 Changes in flooding peak flow before and after cut-offs at five stations

in the lower reach of the Jingjiang River Basin
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Tab.9 Detection results of variabilities in the annual sediment series measured at the Zhicheng station (1956-2014)
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Fig.8 Abrupt changes detected in the annual sediment series measured at the Zhicheng station (1956-2014)
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Tab.10 Amounts of scouring and silting sand at different time periods in three rivers
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