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Progress and Prospect of Research on Road Erosion

Xu Qian', Jiao Juying'?, Yan Xiqin®’, Chen Yulan®, Zong Xiaotian', Lin Hong'"*
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Water Conservation s Chinese Academy of Sciences and Ministry of Water Resources, Yangling , Shaanxi 712100, China;

3.Natural Resources Department of Cuona County in Shannan City of Tibetan Autonomous Region, Shannan , Tibet 856000, China)

Abstract: [ Objective] The existing issues in road erosion research and the research directions that need to be
paid attention in the future were analyzed in order to provide important basis for soil erosion prevention and
control, ecological environment safety and high-quality development of the watershed.[ Methods] Through
literature review, the definition of road erosion, the characteristics and influencing factors of road erosion
were summarized and analyzed. [ Results ] The main problems existing in the study of road erosion are as
follows: (D The research methods of road erosion were still immature. Simulated rainfall/scour test method
were widely used, while field monitoring and model simulations were rarely used. @ Most of research
contents were limited to the in-site erosion effect of road , and few involve the off-site erosion effect of road.
@ Most studies on road erosion control were focused on hardened roads, and only a few studies were focused

on unhardened roads. [ Conclusion] Future road erosion study should combine the characteristics of road

Yrfm B #5:2021-04-24 &[5 A #:2021-05-10

RETE : F 5K A RFB L A0+ R e 8 AR DX /N U Sl T 42 5 K S S T RS R AL (42077078) , “ B - B g i AR X G S0 U
38 PR R 5 NI B 0 me AL (41771319)

F—1EE AR (1995 , L WUIK) L BETT A I T N W5 A, B 7 oA £ 3R M. Email: xuqian1995@nwafu.edu.cn,

BIAEE A (1965—) L (DU » BRVE & S8 7 A, 4 B9 B3, 18 8 50, 32 30 A 35 9 3042 ol 7= 00 L MR o S5 4 i 06 R K £ 4R

Fa 25 "EH . Email:jyjiao@ms.iswe.ac.cn,



358 7K R E

%41

erosion and its influencing factors, use the concept of connectivity to explore the “switch” effect of road on

the transportation of runoff and sediment in the road area and the whole watershed, so as to reveal the

influence of road on the mechanism of runoff and sediment transportation in the whole watershed. In future,

the maintenance and management measures of hardened road and erosion control measures of soil road should

be proposed according to local conditions.

Keywords: road erosion; connectivity; runoff and sediment transport mechanism; research progress

- AR b R A BRI TR P R A A R A R B )
H A2 DO BT X 4R N Y 58 4R ik )
A R I — RN K AR TR ARl 15 i A
AL S A RO T i TN g shini 5] &
TR T R A KDY R 4
BROER A S A B B A [, oh 38 7 2R i R
FURMCR A AT R fEE W H 25N B, H R
DCSAE 2 M i R R E AR A T AR
W AT H 2538 2 W Rl A 7= 9 IRTT & L5 I B
R 5 SR L T8 IR B 2 S B R R s L AT A
A T R4S B R AN TR R B e R R A
IREE0E IR L W 35 Y 55 — R A ] Y, GE (R ik
FE 3 P 8 3 A AR AR O, 3, LR AE SR
g 32 1 DX 7 B AR K R A BRI A5 40 % T 5 Y
TR A A AN L B, KB AR
B R LX) 3 A0 1R il AR R #1450 ~ 640
t/hm? ™ H sk 85 % A9 + i B 4 1R il &
AR 6 R A R S AN R Al R B A A B Ak 6 T
YN 57~580 t/(hm? « ), HET, KR
HHEC A BA K LR ERENE, N TAH
BOTA PR IOK Bk AR AR K RS G 4 BR B R]
B, HR, A A 2R B T T AR R AT TR R
9. AR SCE I B2 [ P A E AR Dl B g 0k L NG
HE A Ik I L BRIk R R AE L B T [ 1R 1k kR
(R DR 2 DA B BB By BB B A ol ) F 9 5 9 4 Oy T E AT
TOAREL, DASGAR Y H R IE AR TR 5T v i A T Y )
T Ao o T 5 1 W W5 18], LA Ol R O 3 B% 4= 1l B
1B VRIBUK L A B OR A SR R S
WA

1 ERAR D Y E

T8 B A S — i AR el AR Y st AR 75
St prad AR A7 SCHATRERR I L oh T = A 9 R ki A
FRZ B N R i E iR v 2 Ry — R S
AR b K A R T R A T e
A P AR U U e A . AR A 22 A
WIFFEAE L 28 AR A (SR A i 3 T R e 3 B0 4

I 8% 30 Bk B AR B L 42 T . Fu Baihua ' il R
TH B A2 R TR K 2k TR G I AS [ B A Ot T B L G
SHS T T 9 0 T 0 ) % T 0 O ol R B L RS (R AR
VRS YR VDB B I T W 4% A 5 B R T AR 5 R
s AR IA A T B ARk I SR b 3 B Y TR BT
7 A 0 22 R AR e R DA B P T T I 0 A A TR R 3
BV iR Oy 2 5 R B R kA e, SE R
3 AR O (B G S P O T G D
P B CBCHE K D BT AR Y R I, A B
LI B DO Sl — A 72 G2 A A 6T S 42 sk s A
5 1% P 1 7 R o 9 Bk A% 9 5 DR v T A 1 AR 0 i
TR . T =2 38 AR T A AN 355 T 08 I 3o P DR A7
{2 bt B A 355 28 1R ol A S 8 R T 51 R A B I
SNE I R HEAR T, ZE LA AR S0 3 AR Tk
R AT ok 22 A T I 4 ) TE 5 I 45 AN TR B A A
(2t L A B PR A7 e i 5 | & A 7 3k A 1 - e

R
2 EBHR A AR

2.1 EREMEE

T % PR T LRRBR Y B Ak T, G B AR b A
i H 8 R 0 e v T At A b R A 2R 7 R VD
s 57 T H Al 4 A T O = W B AR R ol e
(R 1—2), B AR o L 3 /0N (1Y 3 B T ™ A= 1 4= ik
AN R S . AR AR TE B 28 NSO B R R A H
B BMRE S  BR T A AR, NS RN HO AT TE
B 371 e e TR B D PR SR T 9 A 2 TR
T 1B Tt 28 1A F 5 T f B A R 7R SR R
FAFTT BT S v T BOE R 7 BEL A% A2 0, K A
K YR AL T 3 55 00 B0 0 o XU 22 v, B b B
T R IR 19 A8 PR RE L HE T R R R A 0 AR i Tl
W7, R ARV UL R 2 B
PR B T XoF B SR 10 B R Y ARk S L
TERFEFE A ME T B ot Ml X A= 7 08 % ™ V0 ik JiE
9 5~135 t/hm?"; P§ B F Pyrenees I ik 7% #k
HE N 2520 17 3 5 19 /N 12 4% b 3R R Gk 151, 3
t/(hm® « a)?%,



TRAG S I BRI BT ST it e 5 e B

]

®1 FRAREHAFLEEHRERHEBE
tgkn  Bexrg IRy W7 B e
540.00 ESENIR NTTRES Robert™¥]
632.00 5 [ 2 3k far MM K7 T 7 Johnson'**
2 090.00 2% [ 2 o [E3LEIRIR Dorothy 2%
170.00 74 E 2 2T Bodoquelt**
W Nz % T 306.30 PR IL AW & RUSLE #EAIfE A LopezVicente?"!
6.10 PUBEF R & RMMEF #5680 44 5 LopezVicente %%
20.50 5% [ 935 e M WEPP £ 4 71 Kathryn”
81.00 5 4k R R e v W B ik RamosScharron™
151.30 PPEA PRI RimA ik Bodoque?*
138.92 PEHESF OFLE R 5 W7 Tk Salesa™"
BN 45 T T 146.60
1R TR 7 R B T 1111.10
A B 93.30 5 [ A 4 M 2k Leslie[)
He P B A% JoE AT ) i T 8.40
1 % THT 4.40
-+ 5 272.00~275.00 Tk P I £ W T 7% Sidlel
A J5 i 34.00~287.00 Ik 7 Je WM A2 Ve v W 4R 1k Kristopher"®"
kA7 T 10.00~16.00 £ I B WM P RS AR
2 i i B i B i 5.70~580.00 3 B 4t 2R SR (G RN € 7S RamosSchrron [
R 32 e i 16 0.30~0.92 YR A R I AR Teresa Raquel Lima Farias™™
L ES R ] 12.00 3 [E 2 IR 5B TRV VD U 4R 1k RamosScharron M
e T 113 SRR e ik Leslie (%2
g 6.98~40.97 75 2 W4 18 L/ X g De Ona ¥’
A B 5 3.51~44.89 VOB i B /N DX
gl 55.50~406.00 JEE 3% 7R AL USLE 8 £ 5 Chehlafi’®"’
i % 220.00 PUBE T A48 7 WA 2l ik Joaquin Navarro®
x2 AAREHWARALBEEREXEREGFTEMEE
HEEEHRA RAZBREREE /(¢ - hm®) AL H 1 ENWIR7S Bl ok I
N 119.91 BEmSY HEE R 52 0L 5% Y 3 5 AR
PR 338 0.84 T EE PP T REAA X BRI PIKSEE  Ramos-Scharron™”
A E B 0~30 % % E B Hr 2 M B v AR SosaPérez [
A2 7 3E 471.78~804.77 B T B 75 F W W7 T 1 Zhang'""
A7 IE 283.91 B T 1) %5 e 35 W 7 P 0]

2.2 B EED AL IR AE

AEBCIE B SCE TR A R YR S T BT
SRS L A0 30 | B R T 3 B R K Bt A AN () B4R el
YD PRAL A R AL T B 25 S RO HoAR Tk Y
9K Bl 3 A A 22 5 X 5 BOHE A [R) A 4= ok 7 X 22
SRR I B I T Y AR O 2K R U L B
o5 A T AR b R 3T LAY L e L ol
St R VLY A A R B AR e HE KA B AR R S Y
PR BR AR B SRR S T8 A 5] AR ok
WAFAE—E 25 5 . 38 B 0% 17 A1 VK 98 42 1l i) A A 32

BJE W T RN SR A L BI 2 9K 7 4R . i 3 A 3
1S i ) A= Ak 22 7 /K g 55 ) 9 R R AE TR 4R B
AR T AN [ AL AR R 2R AR
TIASTRY S AN TR RS 1477 0™ U ROt 2 B ARAE . 18
BE A AAAEBOR TR G H AR K SO R BAR R B
Shy B TR 422 4809 A2 00 T A 3% HE A 3 B ik — 20 i #%
B VA8 S HEK T | R B 5 2 O A T L
R BRI T X I R ) O R R, AR AR
AR A 3 T T L 7 A i M R AR U T HE K I AR A
PRV F RS AR A — RE RESE L% T T 4 O



360 7K R E

%41

Xof B T I AR G S BRI AE — BB SRR, GE B
2 FIK S 00 265 ] (1% 326 308 1 50 2% B B8 10 9 4R ik ) S 1R
TR E B HOR AR . B YR I P AR ik i AR I ok U
J2 8% T R % TR VI K W B T B 3 T A ol L 860 i
YRR VA E A SRR SRR B RN O
TR RIS T YK 3k AR 2 [ i A B T Y K — D TR B
B, — T Pl O 0 B kL R LA 2 A A
I I 5 300 Y s B L BRIV AE AR /N R T 4% 14 T I B3
Wb 25 o) i T B AR AR IR VD 3X 23l T I IR AR A
) 1 I T g N o 2 o N A N e A
B L3 HE AR Y 600 ok A BK . 40 %6 R [ B
Bt o E T B R B R S B 0 M i — A AL
1717 5% T %ot 7 3 R 3 A R 5 R ) B Ok R R A
B R G R R R
2.3 EEE M REE WD

FE SRR EE I 3 B 4 0 A A — R L e AR
TS PN AR U U A B B L I 2 5 W YA K S
R NI Vb T M B0 A KR 1 U VD
FRES 3 6 0 0% 5 0 Sk v ) 1) 32 B R O T B
X YL S 0 A ) KN . — R U I Y T T B S
BT FLS RS 6 A0 T 30 1k 4, U0 S B U O R R
2, A I 5 3 T R R N T HE R A HL
B BE AR B 8K, WG B B VD W BB A/ . A
3 2 xf 58 E RN R 2 M b E8 0 B R AN R 26
TR T (6 40 T V8 V0 B B S A %) S M W O B4 o T
5] 8 B e Vb % 8 PR R 55 1Y OC B R O I K5
3% B A B T B 7 S U0 U o T R A T B B
B MR B 10 m LAY B BB s AT S Y i
X T [ A2 ok A A O A % ok ] L R AR, & R
K2 53 %6 0t e 7K SC 1 55 00] 9 A 4 2, 3K O T B
{2 U V0 )] L 2 B B A4 T B IR G L g 2 A P I
by A 5 T O 3 27 14 T I X BB T T R A R L 1/2
(475 Y ) 0 1 32 By 2 TGl L IR B b T O O R
Tl S5 A S5 L 2R, S O e T O VR R DR VD B T 2 ik
HEY L N, BV ER Arvorezinha Ji i A 1261
3 5 T T S X YT 3 U VD 0 AR X BT R R s 36 2617,
FE AR ALFH Winooski Vil I 3k B 4F F- ¥ 945 16 %6 1
OB AT BE R A B £k Ay 3 J 5 3 3k xof YR £ B
73 18 2% L Koohsar Jitdslk H 11 AR Y& v0 Sk U8 i iU 51 L &
PRI b T R VD R RS, BRI
b, T B A3 5 R 0 N RS R L R GE B B 1 A Y
L R A [ B IR o SN L O w21t o
IS T 0 3 R 2 A O M RO, 45 K R R L A /N R
B IR 258 B K B AN . Rl R R R B
L NG R E S A SR A A T W B R R

e DRI 22 v T 9 194 AR SR A e T S A B )
YRR 1) VG T AT DL B R R T B
TE— 7 TR BT T8 B0 I B8 V0 1 ST

3 EEER B K %

TH AR R SR S5 4 RN 1 B 2R [ AR R Y 4
S H R [ AR A EEE IR S S R (K R
J148) A B A B R B A R R (FE AR NN A B
i 444
3.1 EIHAEER

B ARl i 3 ) R AL AR K XU L ) 5 R
flLE e R [R) 0 206 o 3 B K il i & AR U5 Y
MY REARAE LRH R MBI B — WA 5] &
ek, FUAT Y R o WA T T R AR AR ) R T A
Pk i AR Bl A S A A0 R X I 4R Tk A
FH = B 3 A W T 0T T8 ol I R e AR AR T
EEXT T B A R RS & A, AR A Ak i T D O A R
KFLBREE /N AR R EOK 1B 05 T BE 25 S e L B
LA T B IR L B 2 AR R 2R s g R 2 A ok
R W S HL T JE i 1) A8 T 3R 2R I, T | T A5 A
A Ye Vb i 7% RV Ve 7, ™ I I B L
S RN 58, A Ao T 4 2 P o T 2 el R I TR A O SR A
% T A ol XU B RS R R A 2019 AR B KR A
L7 J W | S ) 38 (A ik K B, TG HE K I TR L E Y
A Tk [ 1T 1 Ay 1 26 A% It %) R 30 T 7E o= 5 B B T
FAF T AR ™ L ER A O A R L B T
Y198 3.05 m AR IRIAYIIR N 0.655 m. 1A AL E FK
% T 45 A8 S B, AL IR A1 7 4 45 K 1 8 O 2 R A 4
UIET I h 1 NS S RULE S S TR I Sy 1]
P 3R B 4208 1, 0 — 7 THI S AR 4 B T BT R
K. B RKZEFRERRMMEEHNEK, E
% b 07 R KL - 2 X AR b 1 3 B A ™
Y R A% 2 8 AR kA K I DA B TS R
KA BOK U1, 5 80E B s . g EET
b it T SE AT 5T & B, 24 B b O A R K,
BT B By A AR VR T B O T B R AEAE R T R
TR 8 7 Y e L o P A A% 4 o O BRI L X B B T
Bl kb v ™ AR RIE B PIA . AR, Chehlaf™ BF 5%
JEE 3 RF AU 1L DX B K A 3 R 1 10 2 B L B i 3 K
2R 5 8 AR O K B G R R BIGE B b ok K
K/INGs b 2550 e S % 1= Dok #2 . H ) R OV A %R
Tt A 5 ) 2 AR B A 7 5 B ) M T T Bl B R N A%
RN T B B T 3 B L I R P RO K 0 3 8 L
B ORI TS TR I Y 1R R B R i
RN 25 R R &K, — MR UL E ) 4= il JF AS 2



5 43

TRAG S I BRI BT ST it e 5 e B 361

YEF T B . BRI ZAh, XU AR R R e T A 25 52
M) T8 A b 8 & A XU VR R 32 A A T PR A
Tl TE XD HE 55 R b HEAARAE R VE R 3R iR
g, AR X, KU SR BN O B A B R A AR
Tl iy 2 B DR 9 PR R KT X T RE 5 R
A B R 43 AT 4k B R AN [R] TR BRL T 4 AR el i AR
FRAE . R VR FH 23 000 5 58 Hb X8 B R o B
Ko VRS BOE B AR 0l kAR 0 D DR R R JE b X T
AR L VK Rl RN R G 6 B4 0 B 5 BOE B 1 4
PR 11 8 2R ) IR L AR AR AR 22 vk F Rk R
P A AR A X A AT RO VR . R X A B R
Tl 2 25 5 7K R R Rl AR e P R G AR R 5, L R AR
iy 5 g SR RIVE R AT RE 23 3 0 T B R
B, AR TESET A R R R b X T % B 4R ik R A
FIH SRR TR /N DX Ak 00 2 3% 300 5 1) AF AR P B4
A 45 5 T A T A R Rl AR 1ok, 43 301 Dl 108,91 ¢/ (hm” @)
A 11.13 t/(hm?* » a),
3.2 ERBSEXR

BETHIEAS B FRFRAE B 0] K BE B R L T e
SRR TE AR S R e A T B R TR R A L B TR S K
12 bR K IFAE Sy a8 1 32 30 BT 7 I, S 1A
% 2 G S v HE K I EE L PR O e SO [ e
FE T B TE I AL 7 v A v S R T K 3 ) 2
FRPE ) 22 S

TR A TSy S HEAY N AY 7 R P /A
R4, HERIEKTE T B B AR S BN R R
UL 6 T 5 R WO A e LUE R I L K 22 448 i
1o PG HE K Y Bk B AR HE K 1 HE A L AR U U 22
15, F bRz Ve Vb e 01 A R 75 R 3R B/ 191G O T HE
R TED 7 U AR A 5 TU1 A G TR AT DA AR i e I R A2 O
TCRAEAREEAL , A AE 3 B 52 ), 428 U #5417 g i KL
SRR, A RE O 5 L T Y B T S 4 R T P D
S5 1R 114 5 PR 7R % T RN A1 TR B TR A 0 ) 3 R A
FE AR IE B T 0] 5 OF LR E AT B 25 L RE U
FER K AR UL I SR A 2, — O 0 ME LUTE 48 L 0™ It
FEYD A T MY JH TR HE R B 2 ] 5 o7 R O AR
Tt AT B K B AL E | 4= i 55 A B 5 % 10 L AR AE
2 ) 5 e 0 A0 3 5 ) A RO OCER M, B — B4 4k 2
R 123 1) M1 78 BT AR 1 R ™ Y AR
WA, G50 2R A B BRI, B TR R, AR B
F Sl RE AL 52 e PR3 I, = i %0 B 3L ™ A B B L
Ko oh i S ORI . HEIE 45 A BOR B I, AR T B 4
R, 8% T A8 O AR T AR T I L B R B G
177 /0 %ot % T 3 ™ A IR0 I 3 I AR A 1Y
ZR WS RBONF KRB BRI S RE A

FrATE . - 3E R S g Ae ) B UIAE OC , 2 Wh E
e Vb UKL BE 75 B R s 1 — A SCEE R DY, M+
HERR R T 3090 ~ 35 %0 A, A 38 R ] R 4
BRI BTR DhRE Jp 5. — MR U Y D R
RS A HUBOR 38 2 B, b AL BRI ) 3%
PERAT Z IR IS BB R = I 4D

K G S AR AP AE— & R L i T
7 AR R AL M B, [ T 92 0 B ) IR, B AE TR
SRAR /NI Jo I (i) P oA B 7 A b R AR U T 5 | i T
Rt TR I AT Y A B R S I TS A R E
— AR LT b AR ME LA AR TR R B A R B
S U, FRCAR R S I T 7 U e K H AR ok R L T
2 4 B KT RS A 0

TH [ 2% S B AL 3 THT AT TG A A i O TR E JE B
RSV EE RN R, Y REREA
IF A A7 AE T AR OR b SRORE BE L 5L s 42 8RR O
F 55 2 U B0 RE 1Y DI fig T LA AT R0k A 3 SR K i
PEFRLTO x5 [ 2% 5k fap M AR X 38 6 0 AT N T A
UL T I W0 R k) T S D) R B T A i
DTS EE Y B E BT Martinez-Zavala™™
HRLADLREE TR (1% 45 SR 3R W+ 0T T8 B 1 A8 U R BSORN AR ol 3
R E T SR E # . 78 H W i T, — )
SUIE R | BT e R AR - K & B X TABTEN 3 1
) 7 300k 59 2 el ) PR 0T T B AR B AR AR R
FREE WU T OE PR AR U VD AL 1 B0 . 24 i deE B
5 Ui B A e I G ) 5 AR I T T — 2, 23 e
HEJe VDAL N I B R R A R, TE 2k B
EERWR SR EN e —E R Fgg 7 E
=i,

TH (A B R R 5 e U R U ) R R R
Ik B R N TE 7 VD 5 e SR v 0 DR, MR K, SR
A8 U vt R PR AR U B VD B ) N BN R AR L VD B A
Ko ERSRART 3 3k % X 56 0 s A5 a0 1 [l 0 4 AT
HENT T I TR i R S A B BRI O R L IR E
TH B PR K B R D U B R A G
Black"™ Fi| FHH i v it 55 186 oA 1 B B9 L3 B B L+
SR M, A 0 R B A OG AR MR AR M R R R i £
PEAL G I B fz b = Vb 5 5 3% B B AN B B A AR
U B TEAH DG, 5 3% S0 300 38 e B8 TG OGS T R M
XTI 7 v i A PR I Dk S AR A R AR 1Y o
Jill 4R b, 7 T %A T R R 1A AR A T R
TE—E W A 78 O IR 8 i HE K G 1 1 HT 8 T L B A
(ENTREY SV NP OBLRi S U S s AiORUL T FIICLIR

B AL, 3 B e AR O B B A2 B AR R RN A%
PRt 5 kA RIS . 3 R 5 HOA [



362 7K R E

%41

S, KBS T8 [ B R b e AR R S R FERRE
SN TS K A AR U ™ B R T B I 5 ] JE
HEAEIE . ANERE B T W By AR e VD E ATE B DT
$8 K I T R A v i I O MR K I A e v
Wi . Riley ™ I RF5¥ 3 B, 18 BK A& £ 0 A % 41 301 B
LR 7 W & L BRI Y S 10 £, 16
A WF 5T & B B 3 B R il GE B (R ik e v
1 TR JE
33 HtAE

BT I AR 1 K Bl g R R FE B A B RRAE AR, A
N Bt 2 X I (AR k7 b T TR 2 A R e, T
A% By AR Ry % 45 45 A X AR AL, — 5 0 3l ik 4 4
SCHELAC YRG0 E B AR i v G AR i C R
I AR S N R Y A I R A
BB B, I T 2 A7 AE K A ROED B E b AR AR A
Py e Q) 1 O ER e B T TR R SR G S =
RV e ke B AR /N b 25 K AR AR i, FLIE BT s IR
R S AR PRI D Y AR 9 JE R U A T
BB e i R Ny T A R A G U R - B T
AC R K 1Y 6 BOH R A I T B L R R R
6 R I o SR L R I DA G 5 A R L I 1T
4 phmR T S8 g 0 BB R ke v i
25K T 22 3 $ % B, Leslie™™ 76 50 HLJR 1R 5 7 4ol A
G0 7R 5 T3P I AR T Y 80 Vo ROk BT AC 38 A
BB, TR N2 A I sl 4 6k 6 T AR TR A
852 T, 4 BB AR B o T 20 40 e LA 4 T L £ 7 I8
1Y RN — 1 B VAR G R T U1 E
DI VA o 33 Ay B8 T AR e ) 3 T R SR AR

— 7 TN 2R T S 0 R T (R i, 3 0 i
A 5 1 XU 5 — T T N 288 O KT T I 1 A B AR
2 R A UK . BT X T I 1T, A 2 i B 7
ARSI R T IS A HE KT B K
5 it R w72 B T AR DA T SRR A S DTG 3K 39 55 12 o S
A IUN SRS IR A L TR BT B NS o AT 1A i i1 i}
MR B IR B 1 B B B AR
FLE Wit K HEAK I T RD | A B A TR
K Bl IR 1A AR i
4 JHPKRPWESE JiTh
4.1 Kilsi

S W I T, R AR D W T AR
TRV WCER 1 RIS IR B B (R 1k 7 Vb 25 5%

1R e B T 2 o DU A e AR U A 3R 2 43
TSP A T S T A S R DA R 25 R AE AR Tk
TREE  JF 4 M v 32 il i R/, B SR AH T R AR il

3 X bR b P 3 B ) ARk A AT W U L BF 5 45 R SR
— A Ty T AN e e e oy SEL D 3 3 A O B B 23 P
BRI . Arnfiez" " it 12 UER 9 5 1 M T A LG
N VG 81 7 Fofr Ly Hb 3 B ) 4R D O L I I e A AN
] 38 B AR (R D R R R R %,

DR T 2 A o 5 9000 3 g A S A7 A2 el 9 10 G B
VKT BRI R FR, I 45 G 18 [ 25 1 R A 5300 [ o
A7 T R ol A /0N S LA 58 AN (] 268 78 3 % 42 ik ™ 10
255 W JE PR A M5 e S B R T b E R R, B
TE AT 22 gl A 2 3 ) OB T 32 of 4 2t 1A I =2 1ok 5
JE P IE I R RN 5 AR a1 =9 ) R O R
PRELH JE R 5 Salesa ™ R H T THT 21 F 38 1 v i L
DXL 3 /0N T8 ¥ b AR h 32 55 R SR T A 4 R R
(6°~23°), 18 I 12 1h A B K 0y 3, (32 3 ab T
24°~A3°mF , T 1k 0 (B EL A ARG 1Y 8 S P AN A
AT AR Ak F

T2 VAL Ve VD WL B i 2 ) T A HE 7K V) 4 % T A I T
T 55 T A I 19 438 O Ui V0 WA 4 A sl N T A8 4
AR, R R B T T % B U 7 U0 i O B A B S
) 25 A3 3% P2 = Vb £ 5. W0, Lima Farias™™ ffi A
AL R A T AN [v) 25 78 B T AE W W 2R 1F R T T AR I AR
VEVPHEATCHE , F 3 U H5 /N ok 3 i A 4 R 22 3 i XoF
AR B A5 E , 3 AG JHA 2% R AN 3% K MR A
) T [H ) T S AR R VD DT UE . DAIE AR B K L R
T F2 0l 3 | b e K R R R B 3 6 VD R R
gt

B X AN [R] A7 T (152 ok R BOAS ] ) 12 5 0
)R R b At 2 AT AR ol et ) o B TR FH A A U8 10
WA FR AR AR W VR U0 L B S 45 A 1R Tl AR AE U A (6 T
120t 98 R AR | I 3 b R 4R AE L HE K Y 4R ok R AE AR VD
IR ) R 25 A PPk I B ARl B L T
B 30T 1) HE 7K 3 2 B P DR VD B RS Y R B R AR R I —
MG 2 ) T B A S 0 HE K I AR A L VD TR R
RO W IR R ) R bR SR B B
Takken™" i 2 1 25 38 F HEAK I RRAE (I 58 R L ad K
T AR B VR I P L O GE KRR ) . 4 i A R AR O R Vb
iR AR R AT KU ITAR L L2 H e AR 1k XU, (i B
T X AN [ 3 f 36 A 748 2P A
4.2 ERPETR/ AR

N T AL RN/ e ] 3 60— i 3 2o =5 9 N T A i
PR /N X B BB H SRR T/ X R AL IE % S A AE
N TASEHURE T /A2 ik 45 A7 1 430 43 B AN (] R i L 3% B
Yo K S 0 F A TR 28 B0 58 B 7 0 7 Vb 25 S
I e A AL T J A [ 26 R T L AN [ O B B O R A
Jiti R A it X S % AR Dl VD A S e, O G AR



55 4 1 PRl 2 8 B R

]

RS B 2t R L e B 363

5 T B 3 L I T O PR A A AR R oAb
SEETEIL T T HEAT T K i TAE, Sosa-Pérez " 78 1 il
Ree T 2% 14 T M 00N [ 88 155 00 1 3 8% 43 AT 5 ) = A
FE T PR R R A 3 i K (R RN
FIR T /I DX 38 3 A5 4002 B B ik 300 3k 1 77 3k ™ 10 3K
VL » 25 SR 3R I I A A 7] A 1 0T, Bk R G Bk TR AR ol 1
S W) i R 56 A /N 1) 72 L T 0725 5 /0 T S ERF 30 3 2
2= v 1 32 R 2R, K R A IS R DU A A R A
K. HArE N AMERHR LS i AR A 5 ik i B
AU S A A DR e AH 28 AL/ IXC 1 1 SR80 A g
T B ELAF T J5 BR T 30k 1 IR o LA 3 v 450 9 Sk 3 ik b
AN NN (U 7 o7 N [T
4.3 1REEH

Sy B AH B b T SR A I B R G AR IR B
2 FAT 2R E A K W A A RN AR L3 56 1 2K
0 o A N7 T AR PR R AR 3 ek 18 A [ AR R B BIOR B
PO ) XI5 1) T 866 42 o A A ook RS L R 7 VD A A
G R 2 5 Bt TR A B iy BRASEAD , 28 56 S AR AL TR
N IVERY R SEa i e S A S S RVl R i S O
W BB GE T A3 B L B s e R OF A9 O B
(2007 YO RRAE 55 4% B R DG R 5 T 4 A 2R D) 7 4 3

i BRI SCAE LAl R R R T B Je b 7 A iy B
M AR L 45T 4 B S 0] T e AR R L
2 #5144 WARSEM, SEDMODL, ROADMOD,
STJ-EROS, USLE %%, ¥ # Bi A 5 WEPP, KINER-
OS,DHSVM 4§, i & BERAE 5T BB A L BUT 2 1k
2T 5T 8 B ARk S T ik, HL R PR IE AR ARG
BE 2R T T e TR B AR A T AR (GR 3—4),
i, s AR AR J Fb A S W R 4 A KINEROS2
BB , & A AL T S0 /N it 4o A IR 4 1 o T A
PUBORAR T4 B 6 , BLAR 1k i 5 42 0 6 1) B UOKG 12
¥ 80% Lh I, Skaugset™ #f 5% & #l, WARSEM,
SEDMODL,RUSLE, WEPP 4 Ffi 5 %1 ff 31 % 3 1) i
B 77 D A A S B B VD R 2~ 8 A, S (R AR B
ASH2E SRR, T 3O ) 45 R A A B 2200
Bl it 4T WEPP #5581 S 4 8048 A Ak s, B4
Bl E SRR DX 20 A i B 1 42 Tk AR AIE L O B IE %
PRV ST B R B AR O, A e
FIF ArcGIS 3 4 1 SEDMODEL # %Y 3 15 i 1
TE RRME B ARk XU X O A B U A A S
BF A N T AR W BT 3K 16 7 V0 B30 X 5 A 2 B i A
BIES

K3 ARITEEMEER T ERIEE K0TSR

T BB K e o SR
WEpP iy TURILAOK LA EH KRR R B SR -
: BOWRBRK KR SO % R HIZe A b 5
o empeny e TP T B BT B KL 1B B
RUSLE™  SBUR MOLEWE o ek sl s mpmE  WR%%
WL TR MRS LIRS RN BASE W ERER RN RELT MBS
[86] 1
KINEROSZ™HIRBE o)\ b M E R 2 5 R A A L5V ~31.8% REF 6 B R
4 R R i B S A B A
HEEMEE GOEm  WARE BOsH R " x HERR
T L i e e
REaDE sy ks LR EIRERIEREES g g pmaspen (ARSI
’ FER fok ik EHEGHEEESE T
BT RTINS A
WARSEMC' S WORHIRNE B R sk g o B SR DRI g ot
VR 5 2 50 2 5 O o i R B 0K SR
ﬂﬂfﬁ@@ﬁ]%ygﬂ]%miyﬁ%ﬁ inn[lﬁ\;,l\?*jjj_ﬁ,g
SEDMODL™Y  ZWER  HfiEX BOKERMRERY Rk gy o0 UL i BE B v i HEHEEATE

BB R SRR BRI 5

BB

B bR LA 75 2 A L 3 AR R 45 SOR B R B 9t
I BT AR T 5T 2 v R O AN
() VA JE V0 IR ) 5 b 22 S T B i S0P T aE X
i S0 N 19 J7 15 1 8 U8 U 31 5 A T T R A R S5

1;\211

B MBI 4 K v 9 3 5 U8 7 15 X 55 A 1
25 R I LR VDU IX 45 50 P T 45 2 R e v I
A 15 B0 T 0 B 5 OF B X 39k - £ o i 9

0 =.089]

o HETE A O TR HHZEA X B Ak



364 7K R E

%41

IR FR YR v AT O PRI B0 L A PP Ak o il A T S X O ek
b = v ¥ TR B (E S BR R N TR R 1D I8 AR B
S L N T B0 A5 DR R i X e v AR B R
1 SRR R AR 1 DR I 98 SR 0 B0 R 76 B 7 3H %™
YO AR /NVAINIE e 6 v 14 i RS BIL AR O TR — S 1 ik
Btk . Horh T U S0 T AR & L A ] 26 Y G R VD
RURAT W] 22 S, S W DR S 2k e v g B AR
SO WO R A I R ik BF 5T TR S T A R 2

WrE: .
5 W

(1) 38 AR A 5T J7 1 07 T8 [ PN R0 20 Bk 5 4
BTN TR T 1 56, K 00 19 B O A L A D
N T W A AU %42 1 360 #6024 T — b B AR R R
A& 5 L PRIE AR i T 25 SRR, T R A1 T 6 AR L
0318 B YDA R Y 1 R L {H TR T AR
i B 1T 22 Xk AN () 288 2R 3 S % T 42 e O A AU i D>
& BN N S B S A RV A g
HAT W] A M S fin 2 A5 80 T T ok 8 o i 0 9
U B R A U T — % S B 9F 5 X, A R o T
25 . TR BOR B T 1k B0 I B0H B R e R B L OR
RE XTI [ U B 7= VA7 0 R U0 B AR R AT 23 A,
JE T HEA B 19 2R 8 X L 47 VD 1 AR e, Ok I
S A2 ol %) B 5 I A TSCHE T T 1 ) Al i B Ak
W I AR A O B A0 M D B B R AR L 0 A
S A2 ot i A RS JRL R A8 T 5 0 R B S 04 A O
RS 2 50, B i S 2 A 3 R RORS EE . e At
M)A AR IR 8 BE 79 o N AL A SR 5 8 B AR R
DR fi HRORE R A R Al T S e AR ol A R A 3 B
RN JE B8 AR PRI 5T b o R A S 2E— 25 PR 530
AR I 7 A e VD A I A TR ) i A s 2 mTRI T4
SR BRI 5 G e U0 34 1 A R 2 U8 VD %
0 PR B A S LA 3K B PR3 3 B 908 V0 S B as B B A
P AT A X I e e v i AR 1Y ok (RIS R

(2) 38 B AR 58 X R 07 T [ A B BIE 5 2
HR T X LA S B L R AN AL L R T % IR T
A D — A AR 5 0 S 22 AR R T Ol B A
FE Xt 338 P 8 U VD i B AN K SCad R R . FL K
DASRE fife 2 68 T8 3% 3% 0 1A L2 A/ T 0 O e B D gt )
A BT XS PEAT 5, o RE X T8 % 4= ok 28 G A7 4 Tl A A PR
B DRI A BRI B OGRS T D AL 7
2B U DU 5 5 0058 X8 3 S AR A [ A7 4R ekt
FO I 55 23 A AE 5. BRI 5T A i B iR I RRAE S
Tk R T S AN T S 07 P 42 et e A Y i TR R AR ke 22
S a0 AR AA o A S I A X A U R AR el i AR

F189 52 0 T T B P A A T % O 2% A R SEAE R
Sl Xk A 3 R U i AR 1 T OC A T 48 s T B R O K
JK SCRIE U0 3% 38 1 14 52 i ML i

(3) B HHR MBI IR 7 . H AT B 6 i T 2R
JE W T T R A AR A R o PR R OR AR el v i AR
7 PR30 e S T RIAE ) A it 2 4R T A 3 D v
A 452 ok A 2% H A D i A B R IS B ) T
s e e A R 55 K R R DT SR . g LB R
IS [ 0 22 55 JAS o BRI BE B3 3 P AT S O 22 MO iS¢
R A T 6 R AT T I TR 4 BT 3% 1) 7 3 il A
Ao ARKIE BRI BT IE T AR JR IR T LB R I 5T
T A TE AR Dk B 6 B iR s S PR B B R, A
ASCEE L PR B A A T S AR o TR M Y M
Hh B IR AR G ol % K I % B0 R 5 0 O e
JSE TS AR g PR I ¢ 28 408 4 A L it 3 A S R R A AL
At 2 5 ] e Jie 4 A3 Hi B A AR Al

[ 2 % x #& ]

[1] Lal R. Soil degradation by erosion [J]. Land Degradation
&. Development, 2001, 12(6):519-539.

(2] sk XUAT#E, K& E 508+ LR M5 K -k Fr
Wik e 5 R B[], £ 4R . 2020, 57(5)  1117-1127.

[3] Drejzaa S, Bernatchez P, Guillaume M, et al. Quantif-
ying road vulnerability to coastal hazards: Development
of a synthetic index [J]. Ocean and Coastal Manage-
ment, 2019,181:104894.

[4] Sosa-Pérez G, MacDonald L. H. Effects of closed roads,
traffic, and road decommissioning on infiltration and sed-
iment production: A comparative study using rainfall
simulations [J]. Catena, 2017,159:93-105.

[5] Jingshu W, Jinhui ] H, James L, et al. A study of the
road sediment build-up process over a long dry period in
a megacity of China [J]. Science of the Total Environ-
ment, 2019,696:133788.

[6] Joaquin N H, Teresa R L F, JoséC A, et al. Soil erosion
in steep road cut slopes in Palencia (Spain) [J]. Land
Degradation & Development, 2016, 27(2): 190-199.

[7] Forman R T T, Reineking B, Hersperger A M. Road
traffic and nearby grassland bird patterns in a suburbani-
zing landscape [J]. Environmental Management, 2002,
29(6): 782-800.

[8] Jones ] A, Swanson F J, Wemple B C, et al. Effects of
roads on hydrology, geomorphology. and disturbance
patches in stream networks [J]. Conservation Biology,
2000, 14(1). 76-85.

[9] LeeS]J, Park HS, An K G. Preliminary environmental
impact assessments on fish compositions and the ecologi-

cal health of Jeokbyeok River on the road construction of



5 43

TRl 2 38 B R P UF 5T Y

b S P

365

Muju-Geumsan region [ J]. Journal of Environmental

Impact Assessment, 2017, 26(1).:27-43.

[10]

[11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

I, S F A, R S F RYE LR R 5T 5 K
TR AR LR LT A E K AR R 27,2019, 17(6) .
140-147.

KR, R AR B TR R AR Y U 46 X 3 B KR
bt e FCB bR L] K L AR FE #1994, 8(3) 1 29-35.
Ot I R AR, 2R B B 4w R L B TE R I S B A
(K £ 4% 5 4 . 2004, 24 (1) :46-48.

B/NE HAR. AL Z VM X S R TR R
7] FRXEESHEE,2007,21(5) :112-115.
Ramos-Scharron C E, MacDonald 1. H. Measurement
and prediction of natural and anthropogenic sediment
sources, St. John, U. S. Virgin Islands[J]. Catena,
2007, 71(2): 250-266.

WG TRABLA] L X 5 A B 4R Dl 5
FiE R, 2006,25(6) :52-61.

SRBERL ERGER] L BT Y N A1 B ARl R Y e R
] MR, 2008,28(1) :119-123.

Anderson D M, Macdonald I. H. Modelling road surface

R[], BB

sediment production using a vector geographic informa-
tion system [ J]. Earth Surface Processes and Land-
forms, 1998, 23(2): 95-107.

Fu B, Newham L. T H, Ramos-Scharron C E. A review
of surface erosion and sediment delivery models for un-
sealed roads [J]. Environmental Modelling & Software,
2010, 25(1): 1-14.

ZETO, 7 ko A AR 3 £ 5 AR AE Ak T R h
PRV LR 5T (1], 78 % B T K 2% 4 i, 2012, 28 (2)
138-144.

FERN S0 MG T, A AR B AL T 5 AR St T ARk K
S LT ] K AR FFE R 2014,34(2) :1-6
AT IR A T . A <22 M8 VA A Al T I T U8 ok TR
o HT LI K+ AR EEREAE . 20086 (3) - 38-42.
Bodoque ] M, Ballesteros-Cdnovas ] A, Rubiales ] M,
et al. Quantifying soil erosion from hiking trail in a pro-
tected natural area in the Spanish Pyrenees[]J]. Land
Degradation & Development, 2017, 28(7); 2255-2267.
Robert S, Shipley S, Hovanitz E. et al. Effects of off-road
vehicles in Ballinger Canyon, California[]]. Geology,
1979, 7(1) . 19-21.

Johnson C W. Soil loss caused by Off-road vehicle use
on steep slopes [J]. Transactions of the Asae, 1983, 26
(2):402-405.

Sack D, Da Luz S. Sediment flux and compaction trends
on off-road vehicle (ORV) and other trails in an Appa-
lachian forest setting[ ] ]. Physical Geography. 2003, 24
(6): 536-554.

Bodoque ] M, Diez-Herrero A, Martin-Duque J F, et

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[36]

[37]

[38]

al. Sheet erosion rates determined by using dendrogeo-
morphological analysis of exposed tree roots: two ex-
amples from Central Spain [J]. Catena, 2005, 64(1):
81-102.

Lopez-Vicente M, Navas A. Predicting soil erosion with
RUSLE in Mediterranean agricultural systems at catch-
ment scale [ J]. Soil Science, 2009, 174(5): 272-282.
Lopez-Vicente M, Poesen J, Navas A, et al. Predicting
runoff and sediment connectivity and soil erosion by water
for different land use scenarios in the Spanish Pre-Pyrenees
[I]. Catena, 2013,102:62-73.

Kathryn R K, W Michael A, Copenheaver C A. Recrea-
tional stream crossing effects on sediment delivery and
macroinvertebrates in southwestern Virginia, USA [J].
Environmental Management, 2014, 54(3): 505-516.
Ramos-Scharron C E, Reale-Munroe K, Atkinson S C.
Quantification and modeling of foot trail surface erosion
in a dry sub-tropical setting [J]. Earth Surface Proces-
ses and Landforms, 2014, 39(13): 1764-1777.

Salesa D, Cerda A. Four-year soil erosion rates in a
running-mountain trail in eastern Iberian Peninsula [J].
Geographical Research Letters, 2019,45(1); 309-331.
Leslie M, Thomas D. Sediment production from forest
road surfaces [J]. Water Resources Research, 1984,20
(11): 1753-1761.

Sidle R C, Sasaki S, Otsuki M, et al. Sediment path-
ways in a tropical forest: Effects of logging roads and
skid trails [J]. Hydrological Processes, 2004,18(4):
703-720.

Brown K R, Michael A W, McGuire K ]J. Sediment de-
livery from bare and graveled forest road stream cross-
ing approaches in the Virginia Piedmont [ J]. Forest
Ecology and Management, 2013,310:836-846.

Farias T R L, Medeiros P H A, Navarro-Hevia J, et al.
Unpaved rural roads as source areas of sediment in a
watershed of the Brazilian semi-arid region [J]. Interna-
tional Journal of Sediment Research, 2019,34(5):475-
485.

De Ona J, Ferrer A, Osorio F. Erosion and vegetation
cover in road slopes hydroseeded with sewage sludge
[J] Transportation Research (Part D) :
Environment, 2011,16(6) :465-468.
Chehlafi A, Kchikach A, Derradji A, et al. Highway

Transport and

cutting slopes with high rainfall erosion in Morocco:
Evaluation of soil losses and erosion control using con-
crete arches [ J]. Engineering Geology, 2019, 260;
105200.

WRIESL IRBLF , PEFY 25 7 LAY B B S 0 3™ Wt 7 v
e R R A A [T ). i BB 24,2006, 26(2) - 211-216.



366

K - PR R

%41 %

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

Ramos-Scharron C E. Sediment production from un-
paved roads in a sub-tropical dry setting: Southwestern
Puerto Rico [J]. Catena, 2010.3(82):146-158.
Sosa-Pérez G, MacDonald L. H. Reductions in road sedi-
ment production and road-stream connectivity from two
decommissioning treatments [ J]. Forest Ecology and
Management, 2017,398:116-129.
Zhang Yan, Zhao Yiyang, Liu Baoyuan, et al. Rill and
gully erosion on unpaved roads under heavy rainfall in
agricultural watersheds on China’s Loess Plateau []].
Agriculture, Ecosystems & Environment, 2019, 284
106580.
PNEEEEN ol O S e L R S 3]
R A A A< DAL AR A I i B B T . K AR
W HZ,2019,39(5) :337-344.
EAR S e R B 2 AR AR RS TR 3E S K 7
i o UL R AT T L) . N BT 2009,40€16) : 88-91.
REAEM T, E 30, e v 5 AR DX B HEK
T k7 Ve [ ] 5 2 41, 2015, 23(5) £ 978-982.
Yang Hongjuan, Yang Taigiang. Zhang Shaojie, et al.
Rainfall-induced landslides and debris flows in Meng-
dong town, Yunnan Province, China [ J]. Landsildes,
2020, 17(4): 931-941.
Guo Wenzhao, Bai Yun, Cui Zhiqiang, et al. The im-
pact of concentrated flow and slope on unpaved loess:
road erosion on the Chinese Loess Plateau [ J]. Land
Degradation & Development, 2021,32(2):914-925.
Fryirs K, Gore D B. Geochemical insights to the forma-
tion of “sedimentary buffers”: Considering the role of
tributary-trunk stream interactions on catchment-scale
sediment flux and drainage network dynamics [J].Geo-
morphology, 2014,219:1-9.

de-Vente J, Poesen ], Bazzoffi P, et al. Predicting
catchment sediment yield in Mediterranean environ-
ments: The importance of sediment sources and connec-
tivity in Italian drainage basins [ J]. Earth Surface
Processes and Landforms, 2006,31(8): 1017-1034.
BN R AL AR SR R X I AR S s g
Wy ek 5 iE 23 BT (0 IR BE R 22 5 R 2016.39(S2)
534-539.

Cerda A. Soil water erosion on road embankments in
Eastern Spain [J]. Science of the Total Environment,
2007, 378(1/2):151-155.

Arndez ], Larrea V, Ortigosa L. Surface runoff and soil
erosion on unpaved forest roads from rainfall simulation
tests in Northeastern Spain [J]. Catena, 2004, 57(1):
1-14.
Mancini D, Lane S N. Changes in sediment connectivity

following glacial debuttressing in an Alpine valley sys-

[53]

[54]

[60]

[61]

[62]

[63]

[64]

[66]

tem [J]. Geomorphology, 2020,352:106987.

Wemple B C, Clark G E, Ross D S, et al. Identifying
the spatial pattern and importance of hydro-geomorphic
drainage impairments on unpaved roads in the North-
eastern USA []J]. Earth Surface Processes and Land-
forms, 2017, 42(11): 1652-1665.

Nosrati K, Collins A L. Investigating the importance of
recreational roads as a sediment source in a mountainous
catchment using a fingerprinting procedure with differ-
ent multivariate statistical techniques and a Bayesian un-
mixing model [J]. Journal of Hydrology, 2019, 569;
506-518.

Minella ] P G, Merten G H, Walling D E, et al. Chan-
ging sediment yield as an indicator of improved soil
management practices in Southern Brazil [J]. Catena,
2009, 79(3) . 228-236.

Wl B30, ok G . .47 « 267 2T T AN [A] R H
3T ¥ V8 ) R O R AR MR FRAG S LT ] R T AR A AR
2019,35(9):121-128.

T LB R RV R AL B b R RN R AR B 2R BT R
TR0 3¢ THT A% O AR i v B s e [ DL oKk B R R e 4
2013,27(2) :26-30.

Ziegler A D, Sutherland R A, Giambelluca T W. Run-
off generation and sediment production on unpaved
roads, footpaths and agricultural and land surfaces in
northern Thailand [ J]. Earth Surface Processes and
Landforms, 2000,25(5) :519-534.

Nyssen ], Poesen ], Moeyersons J, et al. Impact of
road building on gully erosion risk: A case study from
the Northern Ethiopian Highlands [J]. Earth Surface
Processes and Landforms, 2002,27(12):1267-1283.
Alder S, Prasuhn V., Liniger H. et al. A high-resolu-
tion map of direct and indirect connectivity of erosion
risk areas to surface waters in Switzerland: A risk as-
sessment tool for planning and policy-making [J]. Land
Use Policy, 2015,48:236-249.

PR AR, B2 B NI XL DX T i 5 XL ) 4R el T AR AR
(1022 B 325 B O3 AR RD 5201056 (10) £ 340-341.
EIRB ARV XA AR AR A TTIE [ TR A X T8
=AM L) ] A TR 2441, 2016, 32(19) : 162-168.
KA, B R, A5 A5 = e PR IR 4 4+ T %
ST L) ] KRR HE R L 2015,26(2) :169-177.

Kirkby M. Modelling the interactions between soil sur-
face properties and water erosion [ J]. Catena, 2002,46
(2/3):89-102.

SR, o0k, A i B, A BT AMBTIURE T A5 T IX
BT AR D S I R F O LT ] AR TR A
2016,32(24) :155-163.

2 E SO e, R S, A s b ORI R TR b



5 43

PRl 2 8 B R

]

RS B 2t R L e B

367

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

I g6 o W A b i A 22 S LT ] R SR i, 2021, 58 (1)
92-105.

R, EC . AEY L E X RE R LA RR
WE DT[], AR FH 244 . 2020,29(1) : 104-114,
BRI A AR SN [ AR ok R e 0 A B 1Y
ma e (D]t B el K%, 2013.

XV AL, B R, SR 5206, 5 M A it 15 % T TE K X =
e R DX JB T 20 AR ol e () ] K B 2 R L 2014,
25(1) :98-105.

Foltz R B, Copeland N S, Elliot W J. Reopening aban-
doned forest roads in Northern Idaho, USA: Quantifi-
cation of runoff, sediment concentration, infiltration,
and interrill erosion parameters [ J]. Journal of Environ-
mental Management, 2009,90(8) :2542-2550.
Martinez-Zavala L, Jordan L. A, Bellinfante N. Seasonal
variability of runoff and soil loss on forest road backs-
lopes under simulated rainfall [J]. Catena, 2008, 74
(1) :73-79.

BRSRAH . T B L R SO L b bR GE % 1A 4 A= 1 Y F 5
LI AR TR, 1997,13(4) - 44-46.

Black C H. Luce A. Sediment production from forest
roads in western Oregon [ J]. Water Resources Re-
search, 1999,35(8) :2561-2570.

Riley S J. New South Wales. Soil loss from road batters
in the Karuah State Forest, Eastern Australial J]. Soil
Technology, 1988,1(4):313-332.

KT AL T G B I h oK ik )RR W 5 (DL BE T
1 e« PG AL AR MBI 2 , 2003.

Ramos Scharron C E. Land disturbance effects of roads
in runoff and sediment production on dry-tropical set-
tings [J]. Geoderma, 2018,310:107-119.

AP IR e T8 B 1% T A IR o D PR R L YA L R e L
3238 FHE . 2010,33(3) :65-67.

Benda L, James C, Miller D, et al. Road erosion and
delivery index (READI): A model for evaluating un-
paved road erosion and stream sediment delivery []].
Journal of the American Water Resources Association,
2019,55(2) :459-484.

Arnaez J, Larrea V. Erosion processes and rates on

road-sides of hill-roads(Iberian System, La Rioja, Spain

[80]

[81]

[82]

[83]

[84]

[86]

[87]

[88]

[89]

[90]

[91]

[J]. Physics and Chemistry of the Earth., 1995,20(3/
4):395-401.

Pieter ] B. Fransen C J, Phillips B. Forest road erosion
in New Zealand: Overview [ J]. Earth Surface Processes
and Landforms, 2001.,26(2):165-174.

Takken 1. Croke J. Lane P. A methodology to assess
the delivery of road runoff in forestry environments []].
Hydrological Processes, 2008,22(2) :254-264.

VTR 0, G, SF R T O R RO B R X R L X R
T S8 T AR R AR 9 5 A [ . K AR 2R 2017, 31
(6):123-126.

B TR SRR IR A T R 3 B X i S 0
VTP B W LT 1. R A AR R A 2 A CH AR B 24 RO
2019,43(2) :114-120.

Skaugset A E, Surfleet C G, Meadows M W, et al.
Evaluation of erosion prediction models for forest roads
[J]. Transportation Research Record: Journal of the
Transportation Research Board, 2011,2203:3-12.

T EY e, U S BT GIS Al RUSLE A58 2805 % % + 4
12l A% Jad 14 5% W BAE 5« AT V48 AT 4 0 v 0 B8 BB h
(1] A4 2524 ,2014,34(19) :5659-5669.

SR AR, O RO, 2 8%, 5N KINEROS2 #5828 %) +
JoAE A ol i AR G AL LT . B AF 5T, 2010, 29 (3D
408-415.

B2 SRR WEPP 58 BB 0K 3 98 fi 4 X8
3 AR Tk X YT A 8 v o R e R AE [T . 22 ORI R
2%,2014,42(5) :1479-1481,1519.

Parsakhoo A, Lotfalian M, Kavian A, et al. Prediction
of the soil erosion in a forest and sediment yield from
road network through GIS and SEDMODL [ ]J]. Interna-
tional Journal of Sediment Research, 2014, 29 (1):
118-125.

FRHE, SCE IR AR AR BORU B R E B R B
PR PE UK PELT T AR M T AR 241, 2014,30(2) :94-104.
LR HE LT GIS A RUSLE £ R4 ft 38 % 0f + 38 42 il
JR W 5T LD T VL BN - WV R 4%, 2013,

Akay A E, Erdas O, Reis M, et al. Estimating sedi-
ment yield from a forest road network by using a sedi-
ment prediction model and GIS techniques [J]. Building
and Environment, 2008, 43(5):687-695.



