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Gully distribution monitoring based remote sensing and key driving factors in the catchment scale of Mollisol
region

WEN Yanru'?, YU Qiangyi', YANG Yang’, ZHANG Bin', WU Wenbin"

(1. Key Laboratory of Agricultural Remote Sensing, Ministry of Agriculture and Rural Affairs/Institute of Agricultural Resources and
Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, Chinaj; 2. State Key Laboratory of Earth Surface Processes
and Resource Ecology, Beijing Normal University, Beijing 100875, China)

Abstract: To understand the key driving factors of the gully distribution and development in typical catchment of Mollisol region, visual
interpretation, spatial analysis, detailed geomorphological field survey and statistical analysis were used to quantify the catchment
properties (12 variables) and influencing factors (6 variables) of gully erosion in typical catchment of Mollisol region based on the satellite
image and topographic map. The results showed that the forest area in catchment scale could not effectively control the gully development,
and the active gully length in the forestland accounted for 46.2% of the total active gully length. The convergent slope of sub—catchment
was a typical landform for gully development, and the gully length accounted for 68.1% of the total gully length. The gully length caused by
concentrated surface runoff in convergent slope accounted for 63.0% of the total gully length. The catchment area and slope length were the
most important factors affecting the gully length, while catchment slope was a significant factor to gully density. Meanwhile, gully erosion
was highly associated with the field tractor road in this study region, and the gully length related tractor road accounted for about 23.3% of
the total gully length. Our study highlights that the gully development is closely related to enhanced surface runoff caused by the field
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tractor road. Therfore, comprehensive soil and water management considering landscapes and agricultural tractor roads in the catchment

scale should be the priority issue in gully prevention in Mollisol region of northeast China.

Keywords : Mollisol region; gully erosion; controlling factor; sub—catchment topography; tractor road; remote sensing interpretation
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Figure 1 The geographical location of the study area
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Table 1 Sub—catchment properties defined based on digital elevation model and ArcGIS
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Figure 2 Classification of gully sections and main gully using the contour line
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Figure 3 Typical gullies in the Mollisol region BRI RUER . PR AE 50K X 5 22 U0 A
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Table 2 Properties of the sub—catchment and the total gullies in the study area

2.1 LK X4FHERT Y8 5 B9 S0

A 5% X 4 5 T A 23,73 km?, 2018 45 K Hb 1a FR
217.1 hm?, (5 0F5E KRR 9.1% . X3 3AG V174 264
2%, VIV B EE S 52,1 km, Horp g BRIV B K R
41.8 km, /5 B K AT 80.2% ., Mt rp % BRI K24 19.3

VIR TKICEHE KK 2 A A
KX Gully morphology Sub-catchment properties Relative height and slope gradient Land use

Sub- Rk Tk wmE WEE O mR AR RKEE DKKEE TlRE IDKKRENE REESE MEmRh I

catchment  Tya] length Length of main  Gully area/  Gully density/ Area/ Perimeter/ Max length/ Height difference of Height difference Average slope gradient Average slope gradient Proportion of

of gullies’km  gully/km hm? (kmkm?)  km*  km km sub-catchment/m  of main gully/m ~of sub-catchment/(°)  of main gully/(°) forest area/%

1 4.08 1.02 4.60 4.01 1.02  4.96 1.72 54.7 36.7 3.2 3.6 22
2 0.35 0.12 0.15 3.14  0.11 141 0.30 37.9 13.2 7.9 11.2 55
3 2.65 0.74 5.52 6.68  0.40 3.22 1.30 52.3 31.7 4.1 43 22
4 0.98 0.38 1.10 0.99  0.99 3.97 1.16 53.7 14.4 4.6 3.8 55
5 0.20 0.12 0.21 325  0.06 1.04 0.29 35.7 12.2 7.8 10.2 69
6 0.79 0.31 1.31 322 025 233 0.84 51.3 24.7 4.6 8.0 19
7 3.10 1.40 4.30 2.64 1.18 5.72 1.92 53.9 35.2 2.9 2.5 18
8 1.69 0.34 1.99 236 0.72 3.81 0.78 4255 28.6 4.0 8.4 20
9 4.58 1.61 3.76 242 1.89 5.87 1.89 56.0 32.3 33 2.0 12
10 0.55 0.36 0.65 2.11 0.26  2.53 0.52 36.3 26.5 4.4 7.4 18
11 1.25 0.29 1.08 433 029 250 0.95 39.8 29.8 3.1 10.3 27
12 9.75 2.32 9.75 3.67 2.65 7.30 2.78 55.4 44.9 3.1 1.9

13 0.87 0.30 0.37 0.84 1.03 4.16 1.05 40.0 13.9 2.1 4.6 0
14 1.43 0.32 0.95 149 096 4.89 1.10 38.1 9.4 2.6 2.9 10
15 3.83 1.64 5.53 3.23 1.19  4.58 1.65 43.4 38.9 2.6 24 6
16 1.87 0.60 2.62 1.58 1.18 4.61 1.18 41.8 27.8 2.4 4.6 5
17 2.33 1.07 3.99 2.33 1.00 4.58 1.56 36.8 25.7 2.4 2.4 4
18 6.65 2.84 5.70 1.58 4.22 9.02 3.19 323 20.8 1.5 0.7 0
19 5.17 2.50 4.48 1.19 433 9.53 3.04 33.9 18.1 1.3 0.7 0
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Figure 4 Correlation matrix between the gully networks and sub-catchment properties
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Table 3 Multiple linear regression equation

[A 725 i Dependent variable 72 Equation R* KIER Adjusted R® P
S8 Total length of gullies Y=5.817+0.0464+0.272P.+2.213 L, +0.078 Hyc+0.73281y6+0.006Sy:~0.028 Pror.~ 0.928 0.882 <0.001
F: 744K Length of main gully Y=-0.479+0.2154~0.160P.+1.118L,.,:+0.179S1=0.023S6=0.012Pyor 0.965 0.947 <0.001
IHTEFR Gully plan area ¥=-3.162-0.3734~0.350P+3.331 L. +0.099 Hy+0.7348 16—-0.206S:-0.034Pror. 0.929 0.883 <0.001
W Gully density Y=-0.476+0.088 Hy+0.188 Sy 0.443 0.374 0.009

1 Note : A= /K X i B Sub—catchment area(km?) ; P.~I[_/K X Ji] £ Sub—catchment perimeter(km) ; Lo~ 7K X f5 4 ¥ 25 Sub—catchment max length
(km) ; Hyo— F 10 5 22 Height difference of main gullies (m) 5 Save—TC 7K X - 2 B i Average slope gradient of sub—catchment (°) 5 Sue— 70 -2 3% )3
Average slope gradient of main gullies(°) ; Pror— M3 F (5 EE Proportion of forest area(%) .
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The sub—catchment properties include sub—catchment area, perimeter and maximum length ; The height and slope include height difference of main gullies
average slope gradient of sub—catchment, average slope gradient of main gullies; The land use represents the proportion of forest area
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Figure 5 Contribution rates of variable category of sub—catchment on total length of gullies(a) ,length of main gully(b) and gully area(c)
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Figure 6 Heatmap of orientation, curvature types and driving factors in total gully length
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Figure 7 Gully and tractor road distribution in the study area

in 2018
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Figure 8 Gully initiation and development in the catchment scale

of Mollisol region
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