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Figl. The distribution of the river system and stations in Qingxin district
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Fig2. The analysis results of the precipitation change trend in the Binjiang River basin
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Table 1 The results of precipitation change trend measured with M=K method
Z |Z1>1.65 A 1Z1>1.65 A |Z1>1.65 A 1Z1>1.65 A 1Z1>1.65
-1.22 X -1.63 X 0.20 X -2.87 A( ) -1.20 X
-1.08 X -1.32 X -0.44 X -2.63 A( ) -1.74 A( )
-1.63 X -1.96 A( ) —-0.66 X -2.65 A( ) -2.44 A( )
-1.06 X -1.28 X 0.32 X —0.48 X -0.33 X
-2.46 A( ) -2.59 A( ) 0.06 X -1.60 X -1.94 A( )
-1.41 X -1.30 X —-0.58 X -0.60 X -0.64 X
-1.52 X -2.19 A( ) 0.05 X -1.36 X -1.10 X
-3.52 A( ) -3.60 A( ) -0.96 X -1.17 X -2.80 A( )
-1.79 A( ) -1.87 A( ) -0.56 X -1.38 X -1.11 X
-2.88 A( ) -3.02 A( ) -1.10 X — —_— -2.13 A( )
(A 10% , s ;X 10% B
2 MWP
Table 2 The results of precipitation change trend measured with MWP method
P>0.90 P>0.90 P>0.90 P>0.90 P>0.90
1987 0.707 1985 0.920 1981 0.521 1987 0.994 1985 0.924
1997 0.752 1987 0.716 1998 0.804 1987 0.967 1984 0.918
1983 0.890 1984 0.941 1998 0.536 1986 0.941 1985 0.969
1984 0.614 1984 0.606 1981 0.408 1998 0.672 1969 0.440
1997 0.929 1976 0.935 1980 0.314 1988 0.790 1971 0.847
1997 0.830 1982 0.739 1998 0.842 2002 0.739 1975 0.653
1997 0.907 1982 0.905 1998 0.622 1997 0.948 2002 0.653
1983 0.999 1982 0.998 1998 0.922 2002 0.714 1983 0.981
1983 0.945 1983 0.931 1998 0.674 1975 0.808 1975 0.774
1983 0.998 1983 0.997 1992 0.663 —_— —_— 1982 0.934
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Table 3 The change rate of the mean annual precipitation characteristics before and after the mutational site (%)
-7.10 -10.67 -10.61 -3.75 -8.64 -13.07 -14.93 -13.20 -16.19
10.39 ~12.09 342 -5.88 2179 -5.68 -1.52 0.69 -16.12
-12.92 -20.65 -20.30 4.11 -13.90 -17.42 -9.12 -8.66 -12.06
4 %
Table 4 The change rate of the flood season precipitation characteristics before and after the mutational site (%)
-1030 -7.77 1159 -5.23 -7.80 -10.67 1633 -13.88 -17.77
17.76 10.83 ~6.05 ~0.33 2.67 7.03 6.72 -5.65 ~1431
-12.82 -17.35 -10.95 -14.33 0.60 -23.22 -8.14 -16.99 -26.07
5 %
Table 5 The change rate of the non—flood season precipitation characteristics before and after the mutational site (%)
19.25 2313 ~16.82 12.95 -29.09 -21.56 -26.88 2373 2274
88.25 -58.11 -52.26 94.74 -62.62 -59.52 -52.00 -55.61 -59.83
6.24 23.88 -0.60 5221 -31.98 15.77 -9.05 491 0.07
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Table 6 The change rate of the annual maximum daily precipitation characteristics before and after the mutational site (%)
-28.99 -25.10 2292 -10.37 -13.93 -2272 —24.44 -29.42 -25.48
-43.91 -19.90 -24.46 12.18 -28.17 -52.93 -52.45 -71.30 17.17
-22.26 -43.07 -7.38 6.62 -24.69 8.39 -14.63 1.10 -34.46
7 %
Table 7 The change rate of the annual maximum monthly precipitation characteristics before and after the mutational site (%)
~14.53 ~12.48 ~16.74 —9.14 -20.60 -8.98 ~17.90 ~13.21 ~17.49 ~17.47
-2.59 14.72 -8.30 -6.63 14.66 33.59 -31.00 -1.50 30.07 -39.83
4.28 -23.09 -13.39 -34.86 -45.59 -27.74 -14.52 -22.24 -32.04 -22.76
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Analysis of Precipitation Change Trend in Binjiang River Basin
DING Hualong'?, XIAO Weiguo®, CHEN Xiaohong'?, ZHANG Yun'?, CHEN Lingling'?

(1. Center for Water Resources and Environment, Sun Y at-sen University, Guangzhou 510275, China; 2. Key Laboratory of Water Cycle and
Water Security in Southern China of Guangdong High Education Institute, Sun Y at—sen University, Guangzhou 510275, China; 3. Pearl River
Water Conservancy Commission Integrated Technology Center, Guangzhou510610, China)

Abstract : The precipitation is the key process in water cycle. It directly affects temporal and spatial distribution of runoff process and amount of
available water resources. To investigate space—time evolution of precipitation in typical small watersheds of southern China under climate
change, this paper analyzed the annual precipitation, flood season and non—flood season precipitation, annual maximum daily precipitation and
annual maximum monthly precipitation by using the nonparametric statistics including Mann Kendall trend test method and Mann—Whitney—
Pettitt verification method based on the 47 —year observed daily precipitation from 10 stations in the Binjiang River Basin, a tributary of the
Beijiang River in the Pearl River Basin. The result shows that the multi—year average precipitation of the northern part in the basin is less than
that in the south, which has close relation to regional airflow direction and valley terrain. At the same time, general decline of annual precipita-
tion, including southern basin has a significant decline and the northern part shows no significant decline, which is mainly the precipitation in
the flood season (April-September ) reduced, while the precipitation in non—flood season (October—March in the next year) changed little. Both
annual maximum daily precipitation and annual maximum monthly precipitation have a trend of decrease. The annual precipitation and flood
season precipitation in the southern part of the basin had a significant variation in 1983, while in the north, the annual maximum daily precipi-
tation and annual maximum monthly precipitation have respectively significant variation in 1987 and 1985.

Key words: precipitation; Mann—Kendall; Mann—Whitney—Pettitt; temporal—spatial evolution; variation; Binjiang River Basin

B89 R89,299,239,289,299,239,239,039.239.239,939.209.239.939.099.30. 939,099,233, 239.939.239.239. 939,009,239, 239. 099,930, 939.039.233.239.939.209.239. 939,093,939, 939.099.933.239.939.239.239

(L#E# 5 W) Estimation, 2001, 248: 123-142.
[11] SL 44-2006, [S]. (SL 44-2006, [13] Akaike H. A new look at the statistical model identification [J].
Regulation for Calculating Design Flood of Water Resources and IEEE Trans Automat Control, 1974. 19(6), 716-723.
Hydropower Projects [S]. (in Chinese)) [14] Duan Q Y, Sorooshian S, Gupta V. Effective and efficient global
[12] Strupczewski WG, Singh V P, Feluch W. Non-stationary approach optimization for conceptual rainfall —runoff models [J]. Water
to at-site flood frequency modelling 1 [J]. Maximum Likelihood Resources Research, 1992, 28(4): 1015-1031.

Methods to Calculate Return Period of Hydrological Elements under Different Conditions
LIU Dedi?, DU Peiling’

(1. State Key Laboratory of Hydrology—W ater Resources and Hydraulic Engineering, Hohai University, Nanjiang 210098, China;
2. State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China)

Abstract: Return period is widely used for civil engineering planning, design and management. However, the climate change and
human activities have broken the stationary condition of the hydrological series, which is the base for the hydrological frequency
analysis. Therefore, it is necessary to develop a new method to calculate the return period of the hydrological elements concerned
by people. Based on the two different concepts of return period, the four equations of calculating the return period under the sta-
tionary and non-stationary conditions have been summarized and developed while the assumption of the independence of the hydro-
logical series can be satisfied. The equations of calculating the return period under the different conditions were applied in flood
frequency at the Longchuan Station located on the Dongjiang River of Guangdong Province in China. The annual maximum peak
discharge time series that are available from 1956 to 2009 have been taken in the return period calculation. The results of the re-
turn periods have also been discussed.

Key words: return period; stationary; non-stationary; time—varying moments; hydrologic frequency



