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Statistical characteristics of annual precipitation in Handan region
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Abstract The annual precipitation in the Handan region and every water resources subregion was analyzed with linear
regression analysis and the Mann-Kendall test and the variation tendency and significance level of the continuously
decreasing annual precipitation in that region and every water resources subregion of were revealed. The conclusion was
that the various patterns of different water resources subregion differed the variation of regional precipitation became more
apparent with decreasing elevation above sea level and the most important reason for the decreasing discharge of the

Haihe River was the decrease of annual average precipitation at low elevations.
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region

548.9 mm 1956 ~ 2000

70% ~ 80% 6~9
Mann-Kendall
7 8
1/6
1/10
40830639 40801012 50879016
1974 — E-mail dufuhui @ hhu. edu. cn

16 -



2
1.1 !
Z n-2 t
Z, =£ 4
34 37 0 a
i L Ll > lap i
325.6 km’/ 17 K
262.4 km?*/ 20 ’ 2
379.4 knt/ SN )\ (i - w)
Gy = = T - >
I ‘(i— n+1)
i=1 2
1.2.2 3
S
n-1 n
S:Zngnxj—xl 6
| 6 i o
1 1 0>0
sgn 0 =10 =0 7
-1 0 <0
S
ES =0 8
nn-1 2n+5 - D tii-1 2i+5
Vo S = s ?
Zx
: osS-1 S>0
1.2 Zx=0 0 §=0 10
18+l S <0
Zx 6 Zx
Zx Zx
1.2.1 . \Zxl<Zi_.p
| Zx| > Zi_up Zi—an
a
X, = a+ bt t =12 n 1
Xt n a
b X, a+b

17 -



1 Mann-Kendall
Mann-Kendall Mann-Kendall
/
a Z]A ZK a Zl. ZK
1956 ~2000 45 -1.27 0.95 -1.08 1956 ~2000 45 -2.18 -2.08 0.05
1956 ~2000 45 -1.52 0.95 -0.90 1956 ~2000 45 -2.15 -2.40 0.05
1956 ~ 2000 45 -0.94 0.95 -0.29 1956 ~ 2000 45 -1.58 0.95 -0.96
1956 ~ 2000 45 -1.58 0.95 -1.08
3 -
2 —— JEinil X —— PRV BT R
| —e— BRETER — — ERRPEE —— TR 5
/o —8— W AW ----- -1.96 — 196
_4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1956 1958 1960 1962 1964 1966 1968 1970 1972 1974 19761978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000
Ly
2.2
2
566.0 mm
10a 0.7 mm 4
Mann-Kendall 1 Z, -1.52 95%
Mann-Kendall Zx Mann-
Kendall Zx -0.90 -1.96
2.1 Zx
576.9 mm MK
10a 0.5mm 3 2
Zy, -1.27 95% 1400
+2.0 1200
£
Mann-Kendall £ 1000
Z 1.08 1.96 g o0
K ' ' & 600
Zx 400
1977 1980 200 -
y=-3.049x+636.12
1980 0 1 I I L 1 ! I 1 1 1 |
1956 1960 1964 1968 1972 1976 1980 1984 1988 1992 1996 2000
1200 r oty
—— SCl
1000
= —_— 4
g
m 500 2.3
2
g(z?u 600 524.3 mm
+ 400 10a 0.4 mm 5
| Z -0.94
200 y=-2.3275x+630.42 L
O ! ! ! 1 1 1 1 1 1 1 )
1956 1960 1964 1968 1972 1?;6{/1\980 1984 1988 1992 1996 2000 Mann-Kendall ZK
&)
-0.29

18 -

1980

Zx



1400
1200
1000
g
Z]\EF 800
<
& 600
400
200 y=-17763x+565.2
0 1956 19601964 1968 19721976 19801984 1988 19921996 2000
s
5
2.4
535.4 mm
10a 0.6 mm 6
Z; -1.58
Mann-Kendall
Zx —-1.08
7y 1968
1972
1000 —— sl
900 — R
800 4
g 700
f‘ 600
¥
3 500
& 400
& 300
200
100 y==-2.6603x+596.59
0 1 1 1 1 1 1 1 1 1 1 l
1956 1960 1964 1968 1972 1976 1980 1984 1988 1992 1996 2000
A
6
2.5
548.5 mm
10a 0.8 mm 7
Z, -2.18
1200 -
—— 3l
1000 —_—
g 800 4
k)
600
&
& 400 +
200 y=-3.502 x+629

0
1956 1960 1964 1968 19721976 1980 1984 1988 1992 1996 2000
i

95%
Mann-Kendall

Zx —-2.08 -1.96
Zx
1977 1982
1986
2.6
547.7 mm
10a 0.7 mm 8
Z;, =2.15
Mann-Kendall
Zx —-2.40
-1.96
Zx 1977
1981 1981
900 - —— 5
g
£
E:)
&
T
100 F y=-3.1072x+619.2
O 1 1 1 1 1 1 1 1 1 1 ]
1956 1960 1964 1968 19721976 1980 1984 1988 1992 1996 2000
oy
8
3
a.
10a 0.6mm
Z; -1.58
Mann-Kendall
Zx -0.96
b. 1980
7-8
C.
100 m
100 m

19 -



1988.

I 1993 13 5 15-21.
3 YUE S PILON P CAVADIAS G. Power of the Mann-Kendall
and Spearman’ s rho tests for detecting monotonic trends in

hydrological series J . Journal of Hydrology 2002 259 254-

271.

J.
2006 22 5 74-76.
J. 2008 24 4 10-13.
J . 2007 27 2 49-53.
50
J . 2004 15 4 385-393.
50
J. 2007 18 2 230-
234.
2008-10-15

11
J. 1999 1 44-46.
J. 2004 24 2 227-231.

5 WISCHMEIER W H SMITH D D. Rainfall energy and its
relationship to soil loss J . Transactions of American
Geophsysical Union 1988 39 3 285-291.

2007 9 59-61.

J. 2002 1 9-10.

2006 14 2 15-18.

10

11

12

13

14

15

J.
2002 28 6 42-47.
J. 2007 33 4 118-120.
J . 2002 28 3 21-22.
R . 2001 65.
J . 2005 33 1
41-44.
J. 2003 14 6 785-791.
M .
2004 198.

2008-11-05

S G G G G G G G G GO G W GO G O G G S GO o G G G GO G G A G P G P GO G WP G Wy

15

20 -

c// . 2006.
2006 46-52.
Cc//
2006 495-501.
M .
2006 117-176.
J. 2001 17 2 25-26.
2008-12-30





