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Response of soil erosion to watershed revegetation : role of sediment connectivity and erosion power

GUO Zongjun"?, WU Lei'**, ZHANG Huiyong"’, LIU Shuai'’

(1. Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Ministry of Education, Northwest A&F
University, Yangling 712100, China; 2. State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Northwest A&F
University, Yangling 712100, China; 3. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling
712100, China)

Abstract: To identify the changing processes of erosion in revegetated watersheds, a model-based methodology was developed to simulate
erosion processes and assess the spatial and temporal patterns of erosion and revegetation in the Yanhe watershed. The methodology
combined the Revised Universal Soil Loss Equation (RULE), Index of Connectivity (IC), and Soil and Water Assessment Tool (SWAT) to
model the variability in runoff erosion processes and the characteristics of the response to vegetation restoration. The results show that :

damage due to erosion in the Yanhe watershed has generally improved : the average erosion rate had exceeded 80 t+hm™-a™ in most years
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between 1985 and 2000 and decreased to approximately 10-30 t - hm™ -« a™ around 2015. The change in the soil erosion rate can be

attributed to the degree of vegetation restoration, as evidenced by both measures showing a negative correlated interannual trend. The runoff
erosion power decreased over time, from 13.28X107 to 44010 m*+s™" +km™ from 1985 to 2020, and a strong scale effect was observed :
runoff erosion increased very quickly as a power function of the decreasing area, when the watershed area was less than 1 000 km®. The IC
results showed spatial variability, with small IC values in slope areas and large values in gullies. IC ranged from —13.11 to 1.95 across the
watershed, being smaller in the middle reaches and larger in the upper and lower reaches, and decreased as the nested catchment area
increases. IC was highly correlated with Normalized Difference Vegetation Index (NDVI) at the time scale (R?=0.98), and there was a
gradual decrease in IC with increasing vegetation cover, suggesting that increasing vegetation impedes the degree of connectivity of
sediment pathways. Meanwhile, IC and erosion were strongly correlated over time, indicating that areas with high IC have higher erosion

risk and should be the focus of further erosion control. In general, the methodological framework demonstrated in this study has explanatory

power and provides a new way to explore the erosion patterns in the watershed.

Keywords: soil erosion; sediment connectivity; runoff erosion power; vegetation restoration; nested watershed
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Figure 1 The DEM and subbasin division of Yanhe watershed
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Figure 2 Flow chart of the model methodology framework
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Table 2 Evaluation of simulation results

FAR Year HERER AR ENSE
1985—1989 0.77 0.75
1990—1994 0.75 0.73
1995—1999 0.56 0.61
2000—2004 0.61 0.61
2005—2009 0.69 0.62
2010—2014 0.97 0.95
2015—2020 0.62 0.59
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Figure 3 Monthly runoff simulation value and measured value
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Table 3 Nested watershed division

E241 F I TR B TGS TR
Grade Number of subbasins Area/km’ Grade Number of subbasins Area/km’
1 1;6 140; 163 7 1~8.11~15.18.19.28.29.31.32.34.35.39 .41 4086
2 1~3;5.6.12 384; 698 8 1~8.11~15.18.,19.,28-35.39~41 .44 47 .49 4 863
3 1~4.7;5.6.11.12.14 875;913 9 1~19.22~35.39~41 .44 47.49 5964
4 1~4.7.8.13 1347 10 1~19.,20~35.36~41 .44 .47 .49 6 404
5 1~4.7.8.13.19;5.6.11.12,14.15.18 15355 1503 11 1~19.20~35.36~41.,43~45 47 .49 6826
6 1~8.11~15.18.19.31 3248 12 1~50 7725
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Figure 4 Spatiotemporal variation of erosion power in subbasins
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Figure 6 Relationship between average erosion power and control

area in subbasins

AHTR], 28 B8 ] 300 1) % 1T e Vb i 22 28 K HE B RS
T V0 B e TR M o8 45 3L 1C 341K, 0> T PV R &
Az s E ST I A VA A ML X, PR VMR 75 B ik L
DX 35 PN 19 1C 488 o AT 1C AR Ak B 3 K
(=13.11~1.95) , KB Ry i/ L EEFNT W KAy
A SR o 1C 525 58 TR IR VD B 2k i 1
PR RS E 8, i B A X AS ) g e s o 11, 67 F Uk
PR 2 O Bl B AT B R Y 1C, e KA 1C H BRAE ik
e 2 v, Ul B B X AR R VD 2 B B i
B, B 38 A K G R RO SO . BRI, 25
G IC A IR/ R BT 35 L iR T 6 L Ay X sk
I 12 A2 T AR b VD B IR T A . /M IC H
IAE B IR 7 b (B 7) A i DX 1 i X
P TC AT SR, TR I 75 8 AR A 38 Sl A (] DX 38 ) SRR A
HEFTAS [ VD B it
2.3 BERBEMME

Shy B BR A R 3AR GAE 43 e Ty 23R R e U 3 3 M X
BRI FZ A, 22T R R 22 06 R 4R LA

1% WHART]

@ Tt 14 Subbasinl4
—A— Fi4831 Subbasin3l
¥ Tii840 Subbasin40
- TViti843 Subbasin43
—4 {850 SubbasinS0

0

2005
FA} Year

5 FRiBEMINEFRETLES

Figure 5 Annual variation trend of erosion power in subbasins
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Table 4 Land use in different years(%)

2 Type 1985 4§ 2000 4 2010 4% 2018 4%
Hhith 43.18 43.10 40.14 31.32
M 10.71 11.19 14.11 14.79
Ul 45.41 45.01 44.98 52.32
Kk 0.36 0.33 0.30 0.36
IRAE 0.31 0.35 0.43 111
A 0.03 0.03 0.03 0.10
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Figure 10 Average annual erosion modulus of subbasins
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Figure 11 Annual variation trend of average erosion modulus and NDVI of watershed from 1985 to 2020
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