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Tab. 1 Detection results of single mutation point series without errors
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Fig. 2 Detection results of different methods on single Fig. 3 Detection result of Mann-Kendall method on single
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Tab. 2 Detection results of multi-mutation points series without errors
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Fig. 4 Detection results of different methods on multi-mutation points series without errors
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Tab. 3 Detection results of multi-mutation points series with errors

Ko Py 25 SRS MovMean BG oC Pettitt Mann-Kendall
{1 15~16 15~16 15~16 15~16 17~18 No
R (A 1 5 4.97 45.0 663 938 -
{2 28~29 28~29 No No No No
KrimifE 2 2 1.83 - - - _
{783 43~44 45~46 No No No No
A 3 4 32 - - - -
i & 4 59~60 59~60 No No No No
e {E 4 3 2.9 - - - -
fi#s 76~77 76~77 76~77 76~77 76~77 85~86
T 5 6 6.3 49.2 600 1006 -
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Tab. 4 Information of the hydrological stations

W% KFR ZJH(E) HAiBEN) P A (km?) TR RS
DSI:E} FE TR 111°04" 40015 367898 1964-2015
WFEN e T 110°45' 38°29' 8515 1960-2015
Jel] B 110°35' 35°40 497552 1964-2015
IS Y] 110°48’ 35°34/ 39728 1964-2015
B T 109°46' 34035 106498 1962-2015

DS TR 110°18’ 34°37 682166 1950-2015
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Fig. 6 Study region and location of the hydrological stations
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Fig. 7 Detection results of sediment discharge at Tongguan Station
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Tab.5 Detection results of sediment discharge at the other five selected stations

Wi Rl MovMean oC Pettitt BG Mann-Kendall
SLE (ARl 1986 1985 1986 1985 1985
AL 0.76 13.77 561 29.44 -
Jel] P 1 1979 1979 1979 1979 No
AR 5.76 711.68 468 27.44 -
{2 1996 1996 1996 1996 No
AR 431 840.43 591 29.05 -
RFEN {1 1979 1979 1979 1979 No
AR 0.66 27.86 460 21.94 -
A= W) 1996 1996 1996 1996 No
AT BE 0.69 26.76 663 29.83 -
A 1 1979 1979 No 1979 No
AT 0.24 0.77 - 26.08 -
{2 1996 No 1996 No No
AR I 0.044 - 585 - -
e f i1 1979 1979 No - No
RAZTRE 1.75 204.85 - - -
fiE 2 1996 1996 1996 1996 No
AR 1.48 204.34 503 23.96 -
AT, 2003 No No 2003 No
AL 1.87 - - 24.14 -
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Proposition and certification of moving mean difference method
for detecting abrupt change points

BAO Weimin, SHEN Dandan, NI Peng, ZHOU Junwei, SUN Yiqun
(College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China)

Abstract: The abrupt change point detection is an important content in the research of current
climate change problem. And many methods and achievements have already been proposed.
The results of traditional methods are often considered to be unpersuasive due to the irrational
structure of statistics, ideal assumptions and subjectivity. In this paper, a new method called
moving mean difference method for abrupt change points detection is proposed. It is compared
with four widely used methods via both hypothetic series and observed data. The results show
that the moving mean difference method has three advantages: (1) The method has a simple
structure and definite physical meaning; (2) It is more accurate to detect the mutation point; (3)
It can simultaneously detect all the mutation points and calculate the corresponding intensity of
the mutations. The sediment discharge abrupt changes in different reaches of the Yellow River
are analyzed through the five methods, based on the annual data obtained from the main
hydrological stations in the Yellow River Basin. The results indicate that the sediment
discharge in the upper reaches the river mutated in 1986, while that in the middle reaches
changed suddenly in 1979 and 1996. The mutations of sediment discharge at Huaxian and
Tongguan stations occurred in 1979, 1996 and 2003. The main factors for the mutation are
human activities, including hydraulic engineering construction and large-scale water and soil
conservation measures.

Keywords: moving mean difference method; time series; abrupt change point detection;
Yellow River; sediment discharge



