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Abstract: In order to assess quantitatively the impact of debris flow control projects on soil erosion in
small basins, this paper takes the Sangong River Basin in the upper reaches of Tianchi Lake as the
research object. Based on field investigation data, a topographic map overlay, and remote sensing
interpretation data,we calculate the soil erosion rate of the basin in two periods (1971~2003 and 2008
~2020). We also use Google Earth Engine to compute the change of vegetation coverage in this basin
over the study years, the impact of comprehensive ecological and geotechnical debris flow treatment
measures carried out in this scenic spot on the soil erosion and ecology of the basin are thus
uncovered. Our main results were; (1) the average vegetation cover of Sangong River Basin increased
by 11.34% after the debris flow treatment, where arcas with high vegetation cover increased by 16.
93% ,and the vegetation cover of the debris flow gullies and river valleys increased significantly. (2)
The average erosion rate of Sangong River Basin from 1971 to 2003 was 0. 34 mm/a,which was 131 %
higher than the average erosion rate of the North Tianshan Mountain Basin in the same period. This
erosion rate was caused by deterioration of basin ecology due to the outbreak of flash floods and debris
flows triggered by human factors such as overgrazing and indiscriminate logging. (3) After the basin
was regulated by ecological and geotechnical engineering projects (2008 ~2020), the average erosion
rate reduced to 15% (0. 051 mm/a) of that before treatment, which was only 34% of the average
erosion rate of the same period in the mountain basin of the North Tianshan region.

Key words: debris flow comprehensive management project; soil erosion; vegetation coverages;
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Fig. 1 Geographical location of the study area
1
Table 1 Characteristic parameters of each gully in Sangong River Basin in the upper reaches of Tianchi Lake
gully
/km?* 18.6 27.7 12.2 34.8 15.1
/km 9.31 9. 88 7.23 12.91 7.25
/%o 186. 6 193.3 215.8 137.9 237.2
/10" m* 1584. 8 932.4 151.8 771.7 291.2
/10" m® 1073. 3 1942. 8
/10" m? 1584. 8 932.4 1225.1 2714.5 291. 2
12 Level 2 ,
: 1987~2021 6~ s

9 Landsat (Landsat ecosystem disturbance adaptive pro-
, 2021 Landsat Collection2 cessing system, LEDAPS) Landsat
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4 . Landsat 5,Landsat 7 (surface 2020 2020 9
reflectance.SR) , 2022 7 .
(land surface reflectance code, LaSRC) 2 (FVC)
Landsat 8 , GEE (Google
Earth Engine) ;1971 _
1:100 000 ;2003 8 2005 , s
1:1000 3 — ,
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2003 12 { N N
, 60 km®
» 2008 3 { s 15 000 >
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2
Table 2 Comprehensive water and soil conservation control project plan
2005 2006 2007 2008 2009
1.0 km?* 1.0 km® 1.0 km?® 1.0 km?* 1.4 km® 5.4 km®
0.8 km”® 0.8 km* 0.8 km”® 0.5 km® 0.3 km* 3.2 km®
1.0 km?® 1.0 m? 1.0 km?® 1.0 km® 0.6 km?* 4.6 km®
0.8 km® 0.6 km? 0.6 km? 0.6 km? 0.5 km?* 3.1 km®
0.6 km® 0.6 km®
1.2 km?® 1.2 km?®
18.1 km?*
1
470 m 470 m
100 m 100 m
15 000 15 000
Google Earth Engine 2005
1987~2021 33 (FVO) — ,
o C 3 C 2,
(2022) o 1990 68.
( ( ) ) ( 84 % 2005 54.98%, ;
,2018) C 3,
) 5 : ; « D
30% [30%0.,45%) ,[45%, 1992 50. 94 % 2005 39.80%.
60%) .[60%0,75%) . ) 13.40%.,
75% . 7.73%.
3 1971~2003
Table 3  Statistics of the large-scale flood and debris flow from 1971 to 2003
1985 7 1987 7 1992 1996 7
/(m*es™h) 170 166 150 226
/(m’es™) 193 189 160 298
/10* m? 139 136 118 199

/10" m’ 16. 8 16.5 7.2 48.3




. 122 - ( ) 51

(A)1990F 2y (B)19954F \ (C)zooofﬁ \\(sti
(G)20204F

\ (E)20104F :\ (F)2015% . \

> z

[ e [ ] wtenanne [ e [ vensr e

Fig.2 Change of forest vegetation cover in the valley of the upper reaches of Tianchi Lake
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Fig.4 Comparison of vegetation coverage in the upper reaches of Tianchi Lake from 1990 to 2020
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Fig.5 Topographic profile of erosion and siltation on the south bank of Tianchi Lake from 1971 to 2003
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Table 4 Topographic survey data of the south bank of
Tianchi Lake in 2003

1 2 3
/m 93.13 200. 00 232.00
/m 4.29 37.56 46. 87
/m 1906. 21 1872. 94 1863. 63

5 1971~2003

s 32
) 127. 4
1971~2003
0.34 mm/a,

(Guan et al. ,2022) 131%.,

Table 5 Calculation of sediment erosion and siltation volume on the south bank of Tianchi Lake from 1971 to 2003

A, A, B, B, Bs B,
/m?® 69,900 55,700 85,300 201,800 96,800 44,900
/m 7.15 33.07 0.55 1.93 3.65 4.10
/m’® 499,785 1,841,999 46,888 389,766 353,476 184,170
3.2 2008~2020 C 6-A),
2008 s o
800 m 1954 m., 10 m, 2 m, 220 m,

Kitb E i
=TI

Fig. 6 Top view of the check dam and sedimentation basin on the south bank of Tianchi Lake
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Table 6 Amount of sedimentation in the basin
/m® /m /m /m’®
1 12,378 1.9 1.63 20,176. 14
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