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Effects of vegetation restoration on gully development
rates in Northern Shaanxi

Yang Song Zhang Yan Anikezi*Rouzi Li Hongjun Liu Yan
( Key Laboratory of Soil & Water Conservation and Desertification Combating Ministry of Education

Beijing Forestry University 100083 Beijing China)

Abstract  Background Gully erosion is one of the major forms of soil erosion threatening land
resources on the Loess Plateau. Gully development is a threshold-dependent process controlled by a wide
range /of factors and vegetation is frequently considered as one of the key factors to control gully erosion.
Methods In order to give great insight to gully development characteristics since the project of
returning cropland to forest ( grass) in 1999 30 small catchments without check dam and 6 catchments
with check-dams were selected in Wuqi County of northern Shaanxi province which is in the second sub-
zone of loess hilly region with active gully erosion. Based on two same time phases QuickBird images of
0. 61 m-resolution with a 6-year interval and digital elevation model ( DEM) with pixel size of 5 m valley
shoulder lines in the studied small catchments were extracted by visual interpretation and the rates of gully
area change were estimated with GIS technology. Average vegetation coverage local slope upslope
drainage area land uses and the change rates of gully area from 2007 to 2013 were calculated to assess

the factors influencing gully growth. Results 1) Annual average growth rate of gully area in all 36
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studied catchments was less than 0. 5% with averagely 0. 13% in the catchments without check dam and
0. 12% in the catchments with check dams. 2) Pearson’s correlation analysis among gully growth rates
and the factors influencing gully erosion showed that vegetation coverage on inter-valley was of the most
importance with r = 0. 619 at significance level of 0.01 followed by proportion of shrub land. The
geomorphologic factor ( AS> where S is local slope gradient and A is drainage area) which was
considered the predictor of gully initiation was not related significantly to gully area growth rates owing to
high vegetation coverage. 3) The vegetation coverage increased by 28.7% and the proportion of
woodland and grassland area increased to 94.5% from 2007 to 2013 in the studied area. Non-inear
regression curve between growth rates of gully area and vegetation coverage in 30 catchments without
check dam with R’ was 0.713 indicated that vegetation coverage larger than 60% in inter-valley
significantly inhibited the gully erosion. 4) Analysis of variation showed that there was no significant
difference of the gully area growth rate between 6 pairs of catchments with and without check dams ( with
the similar vegetation coverage and geomorphology) indicating that check dam in the area of gully
presented no significant effect on the gully development on valley shoulder line. Conculsions This
study indicates that vegetation restoration owing to the project of returning cropland to forest or grassland
reduced gully growth rate significantly which could provide reference for understanding gully
development mechanism and help to select the effective ecological measures to control gully erosion.
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Fig.1 Distribution of small catchments in the study area
1 36

Tab.1 Basic information of 36 selected small catchments

(45%)
Catchment Vegetation Geomorphologic Proportion of Proportion of Proportion of Proportion of
area/hm? coverage factor shrub land/% grassland /% farmland /% other land /%
Mean 10. 30 0.63 0.99 58.57 34.10 4.42 2.91
Range 3.6~26.1 0.52~0.76 0.12 ~3.46 17.37 ~72. 17 27.83 ~82.63 7.12 ~45.36 2.57 ~14.82
D AS? A S o Note: AS? means the kinetic energy of flowing wa—

ter from the inter-valley while A means the area of inter-valley S means the threshold slope of gully development.

2 WGS_1984_UTM_Zone_49N
2.1 o
2007 6 30 2013 7 5 2 2.2
0.61 m  QuickBird 2.2.1
o 1:10 000 o ”‘
5m DEM( Digital Elevation DEM( 0.15 m) Quick—

Model) Arcgis10. 1 Bird
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Tab.2 Classification criterion of land use
Name Definition
Farmdand The arable
land without irrigation facilities and mainly relies on natural rainfall or warping irrigation
Shrud land =40% The shrud land with coverage = 40%
Grassland Areas where the vegetation is dominated by grasses
Others Bare land
3 (R=-0.619 P<0.01)
3.1 | g
3.1.1
30 6 -0.511 0.01;
( 2) (AS?) 0. 482
2007—2013 0.01
0.5%
87% 0~0.2%
0.13% "
0.2% 0.12% 0.01 (R=0.724)
3.1.2
3 3.1.3 2007—2013
(2007 28. 7%
2013 ) 94.5% .
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Fig.2 Frequency statistic for annual average change proportion of gully area

3 Pearson

Tab.3 Pearson correlation analysis between changes of gully area and the impact factors

Proportion of increasing Vegetation Geomorphologic Proportion of
Impact facter
in gully area coverage factor( AS?) shrud land
Proportion of increasing in gully area 1 -0.619™ 0.4827 -0.511™*
Vegetation coverage 1 -0.328 0.724™
Geomorphologic factor( AS?) 1 -0.431°
Proportion of shrud land 1
D 0.01 © 0.05, Note: ™ indicates significance level of 0. 01 * indicates significance level of 0. 05.
60% “. 30 ! o
3.2
R 0.713,
3 6 30
0.6 . ) 6
0.6 2 0.05
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Fig.3 Non-inear regression between annual average change

proportion of gully area and vegetation coverage
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Tab.4 Comparison between two kinds of catchment
/% /%
Vegetation Geomorphologic Annual average change Difference between
Group Check dam
coverage factor( AS?) proportion of gully area two proportions
With 0. 65 0. 74 0.14
1st group -0.01
Without 0. 69 0. 75 0.15
With 0. 67 1.50 0.11
2nd group 0
Without 0. 68 1.40 0.11
With 0.62 0.26 0.13
3rd group 0
Without 0.62 0.31 0.13
With 0. 63 0.38 0.20
4th group 0.03
Without 0. 65 0.37 0.17
With 0.65 1.53 0.07
Sth group -0.01
Without 0.70 1.75 0.08
With 0. 68 1.38 0.07
6th group -0.01
Without 0. 67 1.25 0.08
(R=-0.619 P<0.01)
. (R =0.482
10 ! P <0.01) .
3) 30
9.8 km N >0. 60
6
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