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Impact of road on soil erosion risk pattern based on RUSLE and GIS: a case
study of Hangjinqu highway, Zhuji section

WU Lingying, YAN Lijiao "
Institute of Ecological Planning and Landscape Design, College of Life Sciences, Zhejiang University, Hangzhou 310058, China

Abstract; This study adopted GIS and Revised Universal Soil Loss Equation ( RUSLE) methods to analyze the risk pattern
of soil erosion in the affected road zone of Hangjinqu highway in Zhuji City, Zhejiang Province. Digital Elevation Model
(DEM) data, rainfall records, soil type data, remote sensing imaging, and a road map of Hangjinqu highway were used for
these GIS and RUSLE analyses. Additionally, the soil erosion situations before and after the construction of this highway
were compared by using buffer analysis, which was done by setting a series of buffer gradients and calculating the soil
erosion patterns of these buffer gradients. According to the change of these soil erosion patterns within the buffer gradient,
the effective distance of highway was also determined, and some prevention suggestions were given accordingly. This study

came to the following four conclusions: (1) The estimated average soil loss A (t hm™ a™'), according to the RUSLE

EE&TH: MK AR SIS (40671117, 40771117) ; E K 863 Wi H (2007AA107220) ; 4% Ml 35 17 Wi 5 Y 4 il 2 o5 FF ik 52 56 %= 9% Bh 701 H
(KYJD09021)

rFE B #5:2013-01-19; ¥ 2% HH ki B 88 :2014- 03- 07

# W IHAEH Corresponding author. E-mail ; yanlj@ zju.edu.cn

http ://www.ecologica.cn



5660 JAE = 345

results, was 0—380.02 t hm™ a™' before highway construction and was 0—572.94 t hm™ a™' after highway construction,

demonstrating that soil erosion and soil erosion risk levels were all higher following completion of the highway construction;
(2) The results of the buffer analysis indicated that highway construction was the main reason for the increase in soil
erosionalong the affected area of highway, and the severe grade of erosion change was most dramatic. The degree of soil
erosion changed especially dramatically within 660 meters of the highway, so this area should be identified as the key area
in which necessary soil and water conservation measures should be taken to prevent soil erosion; (3) The soil erosion was
significantly correlated with the degree of landscape fragmentation and the proportion of build-up area, as shown through
cause analysis. Therefore, the increases in the degree of landscape fragmentation and the proportion of build-up area were
important contributors to severe grade erosion.These two aspects merit particular focus, and necessary measures should be
taken in order to protect soil and water conservation beside the highway. Such measures might include choosing special plant

species which can help to prevent soil erosion, changing planting patterns , and increasing the vegetation coverage, which can

be done through crop rotation and intercropping methods.
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Table 4 Soil erosion grade distribution of 1999 and 2003, Zhuji City

(AL REE (thm2 a™!) 1999 4F L4/ % 2003 4F A5/ %
Erosion type Erosion modulus Ratio of 1999 Ratio of 2003
B 21k Slightly erosion <10 78.05 37.68

R AR Mild erosion 10—25 13.45 8.93

1 {2ih Moderate erosion 25—50 4.54 8.72

% 421 Erosion intensity 50—100 2.29 14.10
M5 3 121l Extremely erosion 100—200 1.40 21.59
JIZN {2tk Severe erosion >200 0.27 8.98
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Table 5 erosion within highway buffer gradient in 1999, Zhuji

S whifi g {202 Erosion level/ %

Buffer distance <10 10—25 25—50 50—100 100—200 >200
60 72.65 14.21 4.80 5.51 2.49 0.36
120 71.07 16.02 5.31 5.11 2.30 0.20
180 72.09 15.87 4.52 4.94 2.30 0.28
240 73.01 15.58 4.65 4.60 1.95 0.21
300 74.12 15.31 4.39 4.09 1.88 0.21
360 73.42 15.11 4.68 4.39 2.23 0.18
420 74.47 14.81 4.06 4.15 2.32 0.19
480 73.95 14.97 4.44 4.14 2.34 0.16
540 74.46 14.82 4.22 3.90 2.35 0.24
600 74.63 14.61 4.32 4.08 2.19 0.18
660 74.67 14.78 4.25 3.80 2.28 0.22
720 74.60 14.75 438 3.88 2.19 0.20
780 74.98 14.59 4.22 3.82 2.21 0.19
840 74.85 14.66 4.27 3.79 2.21 0.22
900 75.09 14.47 4.19 3.80 2.23 0.21
960 75.21 14.27 4.20 3.81 2.29 0.24
1020 75.56 13.89 4.10 3.75 2.40 0.29

1080 75.79 13.78 4.05 3.64 2.36 0.38
1140 76.12 13.43 3.99 3.68 2.42 0.36
1200 76.18 13.35 4.06 3.62 2.40 0.39
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Table 6 Soil erosion within highway buffer gradient in 2003, Zhuji
Aty {21 %54¢ Erosion level/ %

Buffer distance <10 10—25 25—350 50—100 100—200 >200
60 56.13 5.51 3.37 7.82 14.03 13.14
120 57.76 5.41 3.30 8.31 13.91 11.31
180 57.72 4.52 3.20 7.58 15.02 11.96
240 58.74 4.91 3.91 8.19 13.26 10.99
300 57.48 4.82 3.71 7.85 15.14 11.00
360 58.88 4.86 4.17 7.95 13.81 10.32
420 57.33 471 425 7.87 15.25 10.60
480 58.78 5.06 4.30 7.90 14.13 9.83
540 57.86 5.09 4.22 8.03 15.11 9.68
600 58.85 5.31 4.32 7.98 14.26 9.28
660 58.01 5.41 4.35 7.99 15.08 9.15
720 57.69 5.57 4.38 8.05 15.32 8.99
780 57.95 5.51 4.41 8.19 15.20 8.74
840 57.58 5.54 4.49 8.30 15.45 8.64
900 57.66 5.55 4.48 8.32 15.54 8.45
960 57.31 5.65 4.56 8.49 15.37 8.63
1020 57.19 5.70 4.87 8.53 14.98 8.73
1080 56.28 5.94 5.01 8.65 15.29 8.83
1140 57.04 5.82 5.01 8.53 15.00 8.60
1200 56.19 6.05 5.04 8.72 15.29 8.71

1R 1 5 AU 57% ., 1999 4F 5% i 432 il 45 2
B TR (7 U AR & T 2003 4F LBl 298 14% , i % 2%
PR ESHEN, FE  E 2 BNIE RS, T 2003 4 5%
JER M 5 AN 5% 24, 1999 4 o 4R ih %
i) o LR 27 vhEE B HE nmREAR,  5% FREZE 4%,
1M 2003 4F W W4 A1 52, A 3% BT+ 5%, 7E 210m
2 510m BZE X[ N, I S EESEA AR, 2003
AESR AR TR ARG AL R T 1999 4R, Ll #E
8% VA I, T 1999 4F iy i FEAZ M S5 9 5 LA M 5.5%
TREZ3.5%, H TREEHWIE . 2003 4EH 50 B
S I  HE A T 1999 4F | B I FA e 1E 14% LU
T 1999 A A4 A% 5 B AR i A 2 L BDAN A FEALE
29%MHIT . 2003 4F fl Z1 4 ok 25 G 1 AR EE e
F 1999 4, Bifi #5 2% vh FE B 0, EL I DA 14% [ AR 2
8.5%, 1M1 1999 4F 1Y il ZU 4% 1k 25 9% 7 bb 204X 4k +7 7
0.2%% 0.3%2 [ (K1),

P b SR a0, e 2 BB BE PN, 1999 AR
AR XU RS A SR R SRR B s B e DA Y
AR 1ok UG AR AE 52003 4 1) - 45843 b RS DU A []

SR TR 1 DRI L 4610 D BT B, ot 5 ) 422 o XL
05 TR, TR 5 e A ) B0 R 1 2 Tl A Y B g R
KN, T SR AR ARG

AR T A G AR ] 25 57 15 2% B J3E 1 A G
ST SR ILER 7, MM BT I ZE R B R A
RIS , 4512 1l A5 0 A7 B 25 57 5 v 8 8 % e
X Z [A] XA AR I 25 B A DG (P<0.001) X 3R I
TR A% 2 X g T B 7 o X PN ) AR ol i 5
o M YT A iR R (R ok S R R R AR ol A ) 1Y
LE A, o380 T v B RN B AR ok A A L A5 LB
SR RE B, R R ok R AR ek R AR e A ol A
P AERR 22 B Z 38 (MG RBORIE) |, IRIZLR
T A2 AR PR ] 22 S5 Bl o % o BE B S I m g b, X
Ul B A [ AR B O B R B ) AR ik v
T AE RO P i i Bl B LAt AR T A 9N

SR T 2 BT e TN R AR A
W 2003 4ESAZ IR AELN % vl X A M I AR TR, 45 51
e 4 fis,

http ; //www.ecologica.cn



5666 GO O 34 %
R7T BEABENRES TERMERMMEXED T
Table 7 Correlation analysis of highway buffer and soil erosion
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Erosion level Slightly erosion Mild erosion Moderate erosion  Erosion intensity — Extremely erosion Severe erosion
*ﬂﬂé%’?ﬁl - -0.863 " 0.847"" 0.930 " 0.949 ** 0.581"" -0.926 "
Correlation coefficient

P 9.65%1077 2.41x107° 2.88x107° 1.72x107%° 0.0072 4.70x10°
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Fig.4 Buffer analysis of the different erosion levels in 2003
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Table 8 The number of patches in the 1999 and 2003 within the buffer gradient

ZEMBIE/m

” . 60 120 180 240 300 360 420 480 540 660
Buffer gradient
1 SER B /A
999 45t kﬁi/ : 411 548 698 817 943 1086 1237 1377 1511 1806
Patch number in 1999
N
2003 ﬁz}&ﬁiﬁi/ I 597 857 1179 1450 1705 2004 2273 2515 2779 3305
Patch number in 2003
2y i
,}j{*ﬁ%f;/m 720 780 840 900 960 1020 1080 1140 1200
Buffer gradient
1 e G A
999 3R %ﬁi/ : 1921 2076 2197 2343 2486 2835 2951 3085 3198
Patch number in 1999
CTHUR A
2003 AR AL 3550 3794 4053 4309 4542 5259 5576 5834 6097

Patch number in 2003

3.4 O R SRR I S B M L N A O AR

PR BE T AR HERE | TR0 M LA T
R R AR R XN W L, e e &
SR AN AL G A R, E i X B b X P e AR

SRV T AR SN J BT, SIS W 2 2 B A 7 I 2%
I (26 10) , S B 3 nohn el 1 - 38 42 X
I, JCH S BRI 2R RE Y SR T i

x99 ITEEMERSSUBPBLKBEXEIHT

Table 9 Correlation analysis of soil erosion and landscape fragmentation

RIS
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Table 10 Correlation analysis of soil erosion and construction land
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