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Abstract: The measured data of annual precipitation and runoff during 49 years(1955—2003) for the small
watershed of Zhifanggou located near Pingliang City, Gansu Province, were statistically analyzed in order to
understand and quantify the contributions of human activities, and precipitation change to the variation of
runoff on the Loess Plateau. It was found that although annual precipitation did not change significantly, an-
nual runoff showed a tendency of significant reduction from 59. 1 mm in the 1950"s to 12. 2 mm in the early of
the 21th century, a relative reduction of 72.4%. Based on the double-mass—curve of accumulated annual pre-
cipitation and annual runoff, the variation of precipitation—runoff was divided into five stages: 1955—1964,
1965—1976, 1977—1985, 1986—1995 and 1996—2003. Then the stage of 1955—1964 was chosen as the
base stage for comparisons, and the contributions of human activities and precipitation change to annual run-
off variation were separated and quantified for each stage. Besides the obvious contribution of annual precipi-
tation decrease to annual runoff reduction in dry stage, the variations of annual runoff in other stages were
mainly caused by the human activities, and the absolute contribution of human activities showed an increasing
tendency. All these indicate that a rational planning of human activities is an important approach to solve the
water problems on the Loess Plateau.

Keywords: Loess Plateau; Zhifanggou watershed; runoff; precipitation; human activity

:2011-09-01 :2011-10-20

: “ ”(2011BAB38B0602)
(1986—), ( ) , , . E-mail: wangmingyu 1986(@163. com,
(1958—), ( )y s s . » E-mail; wbaitian(@ yahoo. com. cn,



38 32
’ ’ 20%N4O%9
el , 5% .
, N 3
, 8 24 7 \
. 2004 8 798 1 245
\ 7 010 , 4199 1788
; 464  /km®,
2
, 2.1
[3]
4 1955—2003
(4] ° 0 (
, )
, . 1955 1955—2003
’ 49 a N
2.2
1 PR —
106°37'—106°42', 35°26'—35°33', ,
, 1 365~2 104 m, ( ),
739 m, 15. 77 km, ; ’
4.69%, 18. 98 km’., , —
0.076,
. . . 1955—2003
N B) o —
, 2 381 h, 8.8 C, —
548. 5 mm, 1975 867. 0 mm, . —
1995 328.1 mm, ( )
’ b o o (
, o ) N
70% . ; )

40%~50% ,

H



3 39
. — 3.2
. 1955—2003
o 1 . ,
. , 1961—1970
Y. AR . ,
Y, 9.38%, 2001—2003  ,1971—1980
Y, (AR=Y, —Y,=/AR,+AR,), . 6. 84%.,
AR, 3.56%, ,
AR, ., ,
AR, Y, ,
Y, (AR, =Y, —Y)); .
AR, ,
(AR, = AR — AR, =Y, — , (
Y/ )b, D, . 0.3%,
0.73%, 0.22%",
3 2000 .
31 1000
1955—2003 - w0l : igg% e .
6 ( | By 1100 g
1, 1955-—1960,1961—1970,1971—1980,1981— o 500 st " {80 %
1990.1991—2000,2001—2003 . & A0OFER loo @
c ¥ 200f . o #
1 . 19551960, 1961—1970, 1960 1970 1980 1990 2000
1971—1980 3 . ) 0
, 1955—1960
1961—1970 ., 67.5 mm, «C o .
52.71%, , .
19711980 10 a 4 (60.70.80,90
, , 1980 ) 67.5 mm 17. 8 mm,
3 67.2%, .
., 20012003 72. 4%, 21.8%.
. , 2000
1 . 2000 \
3.3
/ 3.3.1 —
/mm /% /mm /% (
1955—1960 59.1 33.71 528.9 —4.05
1961—1970 67.5 52.71 602. 9 9. 38 2 19 a 4 ’
19711980  55.5 25.57  570.8 3.56 5 s 1955-—1964,1965—
10811990 36.5  —17.42  550.9  —0.05 1976.1977—1985,1986—1995.1996—2003 .
1991—2000 17.8 —59.73 482. 3 —12.50 . 20 50
2001—2003 12.2 —72.40 588.9 6. 84
1955—2003 44. 2 — 551. 2 —




32

40
. , 1985 859. 8 hm?
, , 2004 905. 6 hm®, , 5.1%.,
. 19551964 .
. (X, mm)
Y’ b .
5500 (Y ,mm) « 3 2
19551964 .Y=0.148 4X—24.3; R*=0.828 0
£ 2000} s o )
B R 19651976 .Y=0.221 7X—55.8; R?=0.709 0
1500} wel
ﬁ o 01955—19644F 19771985 .Y =0.164 3X—49.2; R*=0.469 5
= 1000} 01965—19764F ,
i auu‘"'y:w *1977—19854 1986—1995 .Y=0.067 3X—19.3; R*=0.8055
.555 500l - A1986—19955F
B ..‘,, N1996—20034F 1996—2003 .Y=0.0855X—26.7; R*=0.2300
0 5 10 15 20 25 30 R? 0.01
ERFERKEmM
2 1955—2003

1965—1976 , 20 60 “
, s 2
1977—1985
14 , ’

o

1986—1995 80

1996—2003

’ ’

2000

3.3.2 —

1601 5195519644
+1965—19764F
120F A1977—19854
x1086—19954F

F 2R Y mm
S

40}

®1096—20034F

0 400 300 600 700 800 900 1000
A 7K B /mm
3
3 ,1976 —
1965—1976 1955—1964
1977—1985 . 1965—1976
1986—1995 .
. 1996—2003
. 2000 s
3.3.3



3 41
s 0.20 mm, 1977—1985 ,
1955—1964 , — 579.6 mm  46.0 mm,
(Y=0.148 4X—24. 3), 14. 69 mm,
[} b (o] b
, 15. 68 mm, .
o 0.99 mm, 1986—
, 1995 , 485. 2 mm
13. 37 mm, 34. 31 mm,
2, s [11] , ’
1955—1964 . 72.5%.
572.9 mm  60.7 mm, . 27. 5%, 1996—
2003, 544. 1 mm
, s 19. 8 mm, ,
. 1965—1976 , , 40. 91 mm,
571.6 mm  71.0 mm; 89.55%,
, 1. 3 mm, 10.45%. ,
10. 25 mm, , s
[8-9] R 3
2
/ /mm
/mm /mm /mm /% /mm /%
19551964  572.9 60. 70 — — — — — — —
1965—1976  571.6 60. 70 70. 95 60. 50 10. 25 10.45  101.91 —0. 20 —1.91
19771985  579.6 60. 70 46.01 61.69 —14. 69 —15.68  106.75 0.99 —6.75
1986-—1995  485.2 60. 70 13. 37 47.68 —47. 33 —34. 31 72.50 —13.02 27. 50
1996—2003  544.1 60. 70 19.79 56. 42 —40. 91 —36.63 89.55 —4.28 10. 45
4 3) 1965—2003
(1) 1955—2003 50 a — , 5
551. 2 mm, .
10% ) , .
o s , 20 50 (1955—1964 ) s 1965—1976,1977—1985,
59. 1 mm 21 12. 2 mm, 1986—1995 1996—2003 4 ,
72.4%, 10. 45, —15. 68, —34. 31
(2) —36. 63 mm, 72% .
, 1965—1976 ( .
) s
, —0.20,0.99,—13.02 —4.28 mm,

1)



3 67
[ ] Lyl ,
] 2010,30(7) ;15-18,25.
[Jl. ,1987,23(3) :253-265. [12] Gardner W R. Hillel D, Benyamini Y. Post irrigation
[2] s s s movement of soil water: 2. Simultaneous redistribution
[M]. ,1996.300-710. and evaporation[ J]. Water Resources Research, 1970,
L3] , . . . 6(4):1148-1153.
[Jl. ,2010,30(7) :1932-1939. [13] Van Genuehten M T H. A closed-form equation for
[4] Ferndndez-Gdlvez J, Barahona E, Mingorance M D. predicting the hydraulic conductivity of unsaturated
Measurement of infiltration in small field plots by a port- soils[J ]. Soil Science Society of America Journal,
able rainfall simulator: Application to trace-element 1980,44(5) :892-898.
mobility[ J]. Water. Air & Soil Pollution. 2008.191(1/ [14] Kostiakov A N. On the dynamics of the coeffient of
4):257-264. water percolation in soils and on the necessity of stud-
[5] Shein E V. Soil hydrology: stages of development, cur- ying it from a dynamic point of view for purposes of a-
rent state, and nearest prospects [ J]. Soil Physics, melioration[ J]. Soil Sci. » 1932,97(1):17-21.
2010,43(2) . 158-167. [15] Horton R E. An approach toward a physical interpreta-
(6] Liu Shiyu, Chen Wenbo. Impacts of ground cover on tion of infiltration-capacity[ J]. Soil Sci. Soc. AM. J.,
Laws of temporal and spatial variation of soil moisture 1940.5(3):399-417.
[J]. Original Article, 2009,4(3).271-275. [16] Philip J] R. The theory of infiltration about sorptivity
(7] ’ ’ ’ and algebraic infiltration equations[ J]. Soil Sci. , 1957,
[Jl. ,2009.,3(16) :192-195. 84(4) :257-264.
) o [17] L 0.
— 2003 1D ,1986,23(4) :299-304.
15-19. r18]
] ' 7 . L2009 [D]. ,2008.
23(3):232-235. [19] ’ ’
[10] i (1] ,1984,4(4) :7-9.
[1]. ,2009.23(3) :227-231. [20]
[11] . . . ,1987(5) : 1-12.
( 41 ) 5] . , ,
(4 [Jl. ,
2010,24(4) :53-58.
’ ’ [6] 50
| [l ,2010,17(3) ,264-268.
) | [7] .. 50
' ’ . .2003,14(6) : 690-
[ ] 695.
1] i . [8] s . 45
7. ,2004.18(2) :5-9. [Jl. ,2007,14(1) :257-258.
- O o] L
(7. , [Jl. ,2011,2506)
2008,23(4) : 382-389. 66-72.
[3] : : : [10]
. 21999(2) : 73-75. ] 12008 (6):43-44.
(4] , . . .54 [11]
0. ,2009,26(1) :120-125. 7. 52011,9(2) :73-76.



