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1 2) :
Tablel The area weight of the precipitation zones
s
s
/km? 92.13 146.66 88.21 2
1% 28 45 27 ’
2
Table2 The annual precipitation and weight at the representative stations in the precipitation zones
/mm 1% /mm 1% /mm 1%
1971 259.2 32.93 276.2 35.09 251.7 31.98
1972 2437 35.86 218.8 32.20 217.0 31.93
2007 466.0 29.71 600.2 38.26 502.5 32.03
(3) 0 3 (%)
, 4), Table3 ' The calculation rf-es'llltf of the reduction
coefficient for the precipitation zones (%)
) 3.
@) ’ 1971 3.30 3.69 2.73
’ ), 1972 2.92 5.68 2.83
s
’ 2007 1.18 0.97 0.56
4,
4
Table4 The calculatled reduction water from the warping dams in the study basin
1% /10°'m? /10*'m? /10°'m? 1% /10°'m? /10*'m? /10°'m?
1971 9.72 1247.88 226.93 143.30 1990 1.04 1 059.24 187.06 12.93
1972 11.43 964.78 248.76 138.68 1991 0.69 959.33 314.61 8.82
1973 18.15 1211.22 160.64 248.95 1992 0.62 1 544.67 199.08 10.76
1974 22.94 1166.91 212.31 316.36 1993 0.48 890.69 241.84 5.48
1975 21.93 1 128.00 194.09 289.94 1994 0.36 2153.20 202.13 8.53
1976 21.40 1 042.98 240.58 274.70 1995 0.24 988.34 255.99 3.00
1977 20.60 1437.84 39.39 304.36 1996 0.12 1 146.55 265.83 1.74
1978 17.98 1240.36 165.07 252.72 1997 0.02 1 050.95 303.24 0.24
1979 16.87 1115.77 292.40 237.50 1998 0.51 1 090.86 271.84 6.93
1980 14.18 969.77 270.68 175.95 1999 1.16 1 043.56 308.66 15.68
1981 12.29 1358.64 21991 193.95 2000 1.06 496.01 429.10 9.82
1982 9.17 1286.96 228.65 138.94 2001 0.93 932.02 310.47 11.50
1983 6.41 1247.62 258.39 96.53 2002 0.80 661.86 316.00 7.81
1984 4.55 1324.12 158.23 67.45 2003 0.69 451.38 313.52 5.25
1985 3.24 123358 173.65 45.65 2004 0.58 1155.82 395.24 9.00
1986 2.04 1030.92 260.51 26.31 2005 0.45 677.71 452.29 5.10
1987 2.25 1 027.90 237.19 28.52 2006 0.32 1432.80 333.99 5.64
1988 1.77 1 608.60 189.69 31.78 2007 2.71 897.00 340.71 33.51
1989 1.33 962.57 263.84 16.30
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Table5 The calculated water from the warping dams by A 150 -
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100 4+
50 3
0 : . i . - ' M
1971 143.30 91.95 1990 12.93 18.20 1971 1975 1979 1983 1987 1991 1995 1999 2003 2007
At /Year
1972 138.68 97.19 1991 8.82 9.75 ;
1973 248.95 280.98 1992 10.76 10.83 Fig.3 The calculated water from the warping dams by
1974 316.36 198.64 1993 5.48 6.66 reduction coefficient and runoff coefficient methods
1975 289.94 284.42 1994 8.53 8.41 k
316.36x10'm?, 86.21x10'm’,
1976 274.70 273.41 1995 3.00 3.88 1300
o]
1977 304.36 276.72 1996 1.74 2.01
1978 252.72 335.85 1997 0.24 0.18 ' :
1979 237.50 201.77 1998 6.93 8.19 ’
1980 175.95 179.51 1999 15.68 13.96 N N
1981 193.95 212.45 2000 9.82 13.11 ’
1982 138.94 141.15 2001 11.50 17.23 (
1983 96.53 87.72 2002 7.81 13.95 4), 4
1984 67.45 80.87 2003 5.25 12.88 , , ,
1985 45.65 56.75 2004 9.00 8.53 0.993, .
1986 26.31 30.19 2005 5.10 5.65
1987 28.52 37.27 2006 5.64 5.55 350 120
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100
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E 80 %
2 200 =
’ 60
86.21x10'm’, 120
40
85.05x10*'m?, 1.36% 100
20
( 3) ) %0
0 0
’ 1971 1975 1979 1983 1987 1991 1995 1999 2003 2007
/Year
b
N N 4
Fig4 The impounded water and catchment area
’ ’ controlled by the warping dams
o b
o
3.3 ( 5),
b b
o
1997 | , )

0.24x10'm*; 1974




17

3.15x10'm%) ,

b o
b b
(e}
5
4.5 1

E 44
(=
= 357
_5\4 ] — —
3
j‘vli
25 4
& 2
5 2
B s

1

1971 1975 1979 1983 1987 1991 1995 1999 2003 2007
E3 Y ear

5
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4
(1)

(2)

(3) ,

(4)

(1] , , . [J]-
, 2010,26(3):249-254. (RAN Dachuan, LI
Zhanbin, SHEN Zhenzhou, et al. The soil-saving dam retain sand

respond to rainfall in Jinghe River basin [J]. Journal of Xi’an

University of Technology, 2010,26(3):249-254. (in Chinese))
[2] . [J].
. 1994,(1):75-81.(ZHANG Hanxiong. Silt-trap dam
planning and use model and benefit assesment in Loess hilly—
gullied area of the north part of Shaanxi [J]. Research of Soil and
Water Conservaion, 1994,(1):75-81. (in Chinese))

[3] . ..

[J1- , 2004(5):7-13. (RAN Dachuan, LUO Quanhua,
LIU Bin, et, al. Effect of soil —retaining dams on flood and
sediment reduction in middle reaches of Yellow River[J]. Journal of
Hydraulic Engineering, 2004,(5):7-13. (in Chinese))

[4] ) ,

[J]- , 2003,(1):9-16. (GAO Jizhang,
CAO Wenhong, WANG Xiaogang. Research on some technical
issues in the plan and design of check—dams [J]. Journal of China
Institute of Water Resources and Hydropower Research, 2003,(1):9-
16. (in Chinese))

[5] R s . [J]-

, 1995,(10):49-53. (FANG Xuemin, WAN Zhaohui, KUANG
Shangfu. Mechanism and effect of silt —arrest dams for sediment
reduction in the middle Yellow River basin[J]. Journal of Hydraulic
Engineering, 1995,(10):49-53. (in Chinese))

6 1l ,
2003,25 (12):25 -27. (LI Min. Function of warping dams in
prevention and management of soil and water loss in the middle
Yellow River|J]. Yellow River, 2003,25(12):25-27. (in Chinese))

[7] s s . —

[J]. , 2007,14(5):371-373. (DAI Jing,
WANG Bin, LIU Shihai. Studies on the benefit of the silt-retention

dam of the Loess plateau a case study of Yan’an area|]]. Research
of Soil and Water Conservation, 2007,14(5):371-373. (in Chinese))
[8] ) , )
[J]- , 1999,6(2):126-133. (ZENG Maolin, ZHU
Xiaoyong, KANG Lingling, et al. Effects of sediment reduction and
erosion control and development prospects of warping dam in water
and soil loss areas [J]. Research of Soil and Water Conservation,
1999,6(2):126-133. (in Chinese))
[9] s R , . GPS
[J]- , 2009,25 (9):79-83. (WANG Yafeng, FU
Bojie, HOU Fanrong, et al. Estimation of sediment volume trapped
by check—dam based on differential GPS technique [J]. Transactions
of the Chinese Society of Agricultural Engineering, 2009,25(9):79-
83. (in Chinese))
[10] . . .
- [J]. ,
2006,20(3):112-115. (ZHOU Lihua, YAN Pingjun, XU Xiaoling,

et, al. Effects of soil saving dams on soil water content and

runoff in Loess plateau case study on Xindian watershed in

Suide country [J]. Journal of Arid Land Resources and Environment,



18 36

2006,20(3):112-115. (in Chinese)) and Mineral Resources. Water resources census in Hengshan

[11] R s . county[R].2009. (in Chinese))
[J]- , 2008,30(12):43-44. (HE Shunde, LIU Li, WANG [17]

Wencheng. Discussion on the reduction method of hydrological [R]. 2001. (Shaanxi Province Institute of Water

data in the area influenced by the water and soil conservation Resources and Electric Power Investigation and Design. Water

works[J]. Yellow River, 2008,30(12):43-44. (in Chinese)) supply planning of energy and heavy chemical industry base in
[12] s . [J]. s Yulin city, Shaanxi province[R]. 2001. (in Chinese))

2011,(5):55-56.  (JIANG Cunwei, SHUAI Qifu. Investigation and [18] . [M].

analysis of the dangerous warping dams in Yulin city [J]. Shaanxi , 1984. (Editorial Group of Shaanxi Normal University.

Water Resources, 2011,(5):55-56. (in Chinese)) Geography of Yulin Region in Shaanxi Province [M]. Xi’an:
[13 ] R R . Shaanxi People’s Press, 1984. (in Chinese))

[J]. , 2004,11(3):204-207. (LIU Huiyuan, SONG [19] . [A].

Jinxia, NIU Ping. Analysis of soil and water conservation function . [C].

and flood control effect of gully dam in the region of Loess , 2008:279-283. (JING Yong. Analysis of the runoff

Plateau [J]. Research of Soil and Water Conservation, 2004,11(3): consis tency of the Wuding River and quantitative effects of

204-207. (in Chinese)) human activity  [A]. Hydrological Professional Committee of
[14] . [J]. Chinese Hydraulic Engineering Society. Proceedings on Water

( ), 2012,(29):1-4. (LI Huaxiao. Discussion on levee Ecological Monitoring and Analysis[C]. Jinan: Shandong Provincial

construction of the Heimutou stream in Hengshan county[J]. Urban Map Press, 2008:279-283. (in Chinese))

Construction Theory Research, 2012,(29):1-4. (in Chinese)) [20] s s . RBF
[15] . [J]- , 1981,(2):21-27. [J]- , 2011,22(1):94-97. (REN Lei,

(JIN Dongliang. Runoff reduction calculation [J]. Journal of China YUE Chunfang, HE Xunjiang. Application of RBF neural network

Hydrology, 1981,(2):21-27. (in Chinese)) model to the prediction of runoff in Jingouhe River basin [J].
[16] . [R]. 2009. Journal of Water Resources and Water Engineering, 2011,22(1):

(Institute of Geological Engineering Survey, Ministry of Geology 94-97. (in Chinese))

Calculation Method for Impounded Water by Warping Dam in Natural Runoff Calculation
ZHANG Hongbo™, YU Qijun'?, WANG Bin"?, CHEN Keyu'?, GU Lei"?
(1. School of Environmental Science and Engineering, Chang’an University, Xi’an 710054, China;
2. Key Laboratory of Subsurface Hydrology and Ecological Effect in Arid Region of Ministry of Education, Xi’an 710054, China)

Abstract: The warping dams are very widely used in the Loess Plateau to control soil erosion. Unfortunately,they have a strong
impact on the natural runoff process and bring enormous influence on water resources assessment and water engineering design
while they play an important role in regional water and soil conservation. Therefore, it is of great importance to accurately evaluate
regional water resources that how to calculate runoff impounded by the warping dams. The present study applied the reduction co-
efficient method and runoff coefficient method to calculate the annual water impounded by the warping dams in the Heimutouchuan
Watershed (HW). By comparing the computed results of two methods, it explored the suitability and effectiveness of the reduction
coefficient method for calculating impounded water in the warping dams. The results show that the average annual impounded water

3

of the warping dams is 862.1x10° m® in the HW during 1971-2007, which is similar with the result computed by runoff coefficient
method with the only 1.36% error. In addition, we noticed something interesting that the impounded water on unit area is roughly
stable, namely changing in a small range after dividing the impounded water by the catchment area. The above results indicate that
the reduction coefficient method is a sort of efficient calculation method for the water impounded by the warping dams, which can
be used to evaluate regional water resources in the Loess Plateau region influenced by the warping dams. When combined with the
runoff coefficient method, it may be expected to get a more accurate impounded water. On the side, since the impounded water on
unit area is stable in the area without human activities obviously, we can roughly calculate the impounded water by the warping
dams only depending on the unit impounded water when the catchment area of warping dams is known in a catchment. It is great-
ly significant to regional water assessment and runoff forecasting in the Loess Plateau region in the future.

Key words: runoff reduction; warping dam; reduction coefficient; runoff coefficient; Heimutouchuan Watershed



