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Abstract: Unpaved roads are common in mountainous areas. This study examined the characteristics of surface runoff and
sediment production from unpaved roads in Wangjiaqiao watershed of the Three Gorges Area of China using a simple
portable rainfall simulator. 5 road segments were selected for rainfall simulation. Fifteen rainfall simulation experiments with
an intensity of 1.0 mm min ™" were carried out on 5 road segments. Cumulative rainfall to runoff was recorded 1 —3 mm.
The runoff rate generally increased quickly and reached steady level in the first 7 —10 min. The runoff coefficient was above
60% , with higher than 70% on the intensively used road segment. The average runoff rate and peak runoff rate were 0. 69
mm min ' and 0. 84 mm min "', respectively. The greatest erosion was found on the intensively used road, where sediment
yield average was 14.38 g L' and soil loss rate was 12.22 g m > min"'. The sediment concentration increased in the first
1 —4 min from the beginning of the rainfall and then decreased steadily due to the loss of fine soil surface particles and
porosity changes. The soil loss rate of the intensively used road was 3 and 4 times higher than those from the infrequent
traffic road. There is a relationship between sediment yield and the intensity of road usage, due to the creation of artificial

rills by vehicles in the rainy periods. Statistical analysis shows that bulk density, saturated hydraulic conductivity, and dust
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on road surface have significant effects on runoff and soil loss. Stone cover may increase surface runoff, but vegetation cover

is very effective in erosion control and runoff reduction.

Key Words: unpaved road; runoff; soil loss; simulated rainfall tests; the Three Gorges Reservoir Area
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BT BRBUS T KR ZES TR A 7E EL R L BER AN B , 320 B A 3 ol 4252 g T A AR Ay 2

SREXREASHERRSBRABHEET KE LRERK . FEXMAKE LEHE ARSI
SRS PR 400 3 MATE B ITHISTILAL , A A AR B L BB B A BT 2R B 24 (HA X EX L FUE
B F R AR WARIE . 48T 7K U IR = ek P i B B4 , AR SCLA =ik P IX. E 3 /N A A 5 X3,
EPEA RIS Y B T ) + B B, TE N TARIURE R 2514 T, & WP T BB B R L o LA S e Y = gl e X
B o B R TR TRV TP K R , T PR AR I A R AR 8 K K i 2k B VA SR AR AR o
1 HREE

FPHMAIAE LA TR E E X/ D RSB #AT . P4 31°12'N, 110°42'E , KIT =% i, t A B
=K 50km (& 1), HHL16.7 km® , N B 307 N/km®  Fdskdsh B BEUN , MG 4R 7E 184 ~ 1180m ZJH],
JRBFLIL XN . B R H AH KRG RS, 4E391R 18. 0°C, FE/K & 1013mm , £ Hh P 2 T 57 38 L
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Fig. 1 Location of the Wangjiaqiao watershed and study site
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BkEERBE. 5 R4 RS ML, R WAEEN25% MG KEE TN 4 4%, BEHEE -8 0.05 ke
m >, R1.R2 1 R3 WA 5 17 20% 245, TR B 257 R4 MRS A w5 R HT 3 MAR A M 2 15, 2
HESEL RL 5K, 35 34.4% , K292 R2 M1 R3 /) 2 fi5,R4 A1 RS AR B KT 10%

PRI S R TR B 25 5 R B R TN B 3R BE RS AR Rl R . R1 R —4 N E Tl s
RGBS, R RR, R/ AT R, Fit, BHEE L BB/, AEMX B, RS EK BT,
T %R R M R3 Rk T AN 75 B B, A X RL T, EWMEB K, AERIETESE, R4 FIRS
FEFRMAETE L, ERERA, A X CEE S, AEZL2.0 gom”  BRERBLIBHEFLES;
[, R4 #1 RS ER4EA ARG M R4 X B m b T 49, Rk, WA 35 E#m . R4 Al RS MM ATk
T /NEFE RO PSS, AR T AR RILER ;@ BEA MAAESUE T 13K 43 132 ohid 18 fiad
KT , M Sk R BER A B SE 0/ N TR 3 K, — R & B 40% ~ 50% M AT Tk SRA BBk o

®1 ABRDXERARHETHEER

Table 1 Characterization of the experimental plots and its soil characteristics

% Bt %5 Road code R1 R2 R3 R4 R5 P

B Slope (°) 7.33a 5.87a 6.54a 7.58a 8.16a 0.574
WA 5B Stone cover (% ) 21.2a 19.6a 20.8a 37.6b 42.5b 0.009
ZRFE 3% Plant cover (% ) 34.4a 17.6b 14.1b 5.2¢ 4.3¢ 0.000
B& T ¥% 1 Dust on road surface (kg m~2) 0.05a 0.19b 0.15b 0.33c 0.27¢ 0.000
25T Soil bulk density (g cm™3) 1.58a 1.65b 1.72b 1.92¢ 1.96¢ 0.003
HaF1 57K % Saturated hydraulic conductivity (mm h~!) 8.65a 5.38b 4.96b 2.47¢ 2.23¢ 0.000
Ak Sand (gkg™!) 628a 609a 507b 528b 520b 0.007
BRL Silt (g kg™") 249a 242a 369 320b 338b 0.014
Fik: Clay (g kg™') 123a 149a 124a 152a 140a 0.219

] —3 Hp = RER RN A E] P 4 0.05 PE2:5  Different letters in the same column mean difference of significance at P <0.05

3.2 LA BURE
Bl 2 & 5 MBI BB P R 2R . BRI, 5 AN B B B PR TR AR B O — B, PR B R, 7R R
MRBERERA 1~3 mm(K2) , PRERREPREG N, IFAE4 ~7 min N (RIHEREYTET ~ 10 mm)
BRET TR REFHREH, /MY R 3K 0.66 mm min ™', M ER KK E T8 R4 F1RS HfaE
PR TE0.8 ~0.85 mm min ',
F2 RBARRBFMEHOXBSEIE

Table 2 Cumulative rainfall to runoff, runoff flow, maximum runoff, and runoff coefficient

% Bt %5 Road code R1 R2 R3 R4 R5 P

PR T B Cumulative rainfall to runoff( mm) 2.63a 1.75a 1.67a 1.27a 1.19a 0.129
FEH2 W B Average runoff (mm min ~!) 0.45a 0.52b 0.56b 0.66¢ 0.69¢c 0.006
I 423 B Peak Runoff(mm min~!) 0.61a 0.66b 0.71b 0.82¢ 0.84c 0.009
12 A B Runoff coefficient(% ) 58.8a 61.2a 64.7a 74.2b 76.7b 0.034

] —3 Hp = RER RN A E] P 4 0.05 PE2:5  Different letters in the same column mean difference of significance at P <0.05
R 2 RAWRE AT E EE SR PO R TR B — B E SR, (B S P RN R A —

http ://www. ecologica. cn



12 3 SRR AF . SR X o BOE B AR A AR A AR R T A 6789

1.0~ —— Rl —8—R2 —&—R3 —X—R4 —0—RS

0.8 |-

0.6 |-

04

724 Runoff rate (mm-min™")

02

0 o L L 1 !
0 5 10 15 20 25 30
Z PR Cumulative rainfall (mm)

B2 RS S 2k

Fig. 2 Runoff rate curves for selected five sites under simulated rainfall

FE 7R S, R, ) I B9 RO 9 55 77k B 8] 46 550 58 R 22 31 R T B DA S8 EDUX Lo 5 A U= T AT R
HEWEY/NT 3mm, B4 LR (P=0.129) HRI EETHAS, XFESHERESFER, ™
VAT BN E S/ MR A S KR EGA 0.894 (P <0.001), R4 FIRS Hik 1.9 g em A E, SB%
WABIR, FHRREERR, 7535 74.2% F176. 7% ,HYEEITE 71.4% ~81.3% . 1LAh, R4 Fl RS B
BAOSEETRBESSHBR AT EY . RL.R2 Ml R3 MR R A 60% i£4, tb R4 1 RS ik 15% ~
30% . PR E MG EARREEE—3 R K458 0.45 mm min "' F1 0. 61 mm min ', BERTHE 4
AL, SRR RS M2 50500 54.2% F142.7% o
3.3 TRUEMHEERE

%3 25 MAR B BAEA R &M T R, WE3 TTUEH, R BRI E |
BRIV U BE N IR R A 3.39 g L7'.9.47 g L' f12.58 gm > min ™', BEMFHEIEL, R4 FIRS
ST PR YU BT R R1 BRBEI 4 ~5 %, SR TR YD YR BB 3 4%, T Ak RIS 3 ~4 4%,

®3 TRRKAKIF=DHE
Table 3 Sediment yields of simulated rainfall experiments

H B4 Road code R1 R2 R3 R4 RS ANOVA, P
SEHYR VYR BE Sediment concentration(g L~1) 3.39%a 6.24b 6.94b 14.38¢ 11.82¢ <0.001
TRV YR BE Peak of sediment (g L) 9.47a 20.76¢ 15.20b 25.88¢ 23.71c <0.001
4 583 % % Soil loss rate(g m 2 min ") 2.58a 5.12b 6.11b 12.22¢ 10.05¢ <0.001

[F]—3 iR AR FRRIEF P 5 0.05 $E25F  Different letters in the same column mean difference of significance at P <0.05

B3 2S5 MAKRRER SRS R IR, & 5= T 8T IR, EX £ 50E X
JBE TR E , Dbk BN RS E R Ik e YL v F BT, A& U B F . S BK R
J& , JFEG VTS B A% Az , AR BIES R BUK T — AR, B 3 IR, RS S B F , - ROt iRE
FURARE ARG PR TR R N I S i, B T A R -, 3 S 76 TR oy Dl VR R T B8 4
B, B T AR OE v A0z X 26 9F £, AT LR SRR . R T BES K R4 MRS,
PRI & BRI 2 ~4 £ . FERRIEIN, S gF LR R Y & BRI, BIREE
Ja, A BN E DR SAKR, XEZERB TARE KRR/ IR/ (2.0 mx 1.0 m), BHERK
(2m) P2 ESRIK AR/, BRI, 723 i B8 0 AE Xk /0, T e Jo S TG 4 1 BE TR S, T b BE I XS 8K, T
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JIFvpR ) ZEER /DT E N S s HEEET ——Rl —®—R —A—R3 —O0—R4 —X—RS
RE,ESVE ERIHIMBEIETE . BERHMEER
MEWEVD BN, EF L EBER D RERER
Fi i R1R2 1 R3 BB, JUHOR R1 B BL, fER MR
BEPSUBREH BT R4 MRS, SREMSEEN—
B MAHh, R4 RS WK AN TR E T8 B, BR%E
VB ST 2T AR, X S BTE R TR AR TR AR
RN T B R Ew THE R,

W
S
1

VEVPIKE Sediment concentration (g/L)

3.4 b JRERTE RS IR U R 04 8 1 16 20 24 28 32
ST — BTG o 0 5 V0 B B 0 B T 5 PRI Comulattve ranfl (mm

E&RL , MEER FZAHE3 D J7m, BT #RmE AR B3 R R S L

EREZE AN TFIMERFHRBREFZWRIEN™ . £ Fig 3 Sediment concentration for selected five sites during simulated
M — BT A CE AR I A RIS B o B 1, B meinel

T BN - B E B AR T R (R 4) o

*4 ITHEEBEEFESEREDOEXESITST
Table 4 Correlation between site characteristics and runoff and/or sediment

B T A 12 A %L Runoff coefficient (% ) + 3% & Soil loss rate (g m~2 min~!)
Site characteristics R P R P

Y Slope 0.068 0.809 0.378 0.241

+ BT Soil density 0.698 0.004 0.783 0.001
ZREL2E B Plant cover -0.735 0.002 -0.832 0. 000

T 2 BF Stone cover 0.740 0.002 0.498 0.059

T F4F /K 3 Saturated hydraulic conductivity -0.815 0.000 -0.673 0. 006
M7 & Dust on road surface 0.611 0.016 0.882 0. 000

A TEE TS P ARG, —RAE S5 ~ 108N, B P B MBI ETREER(F ) B
I, 3R AR/ N P> 0.05) o (BN RE ] S I S 3 BE ) A8 Ak X + B E B i AR T P VD IR S
XBEAE R —E P HIRA TR, B ESS, HEPTR AR S Rag . (BAERIE sl R A S, 3
R E, IR R , BT R 36K, T S8 T BRI E i, Hi, HIRAE SRR R0 L5
REHEREFEMRK, BAHRESRRARZEA BEMKXR, BBV R ARG E G INGE B E 5 m
B EXHR B R A T B — ST . WIS 7R 8 - R BS TRTST R B, B T R B AR D
46.15% ~69.30% , +-3E{F B/ 54.53% ~77.80% , AHFFXMIE B T B8 42 2L Bk B W/ DR, Biia I%
R, HASKREBEBUKE , RIFETABRE S FF8hR, HAEB K A B 87 8GR, BRI, 20 vl
WEEZ TR, B, ESRRASM HERABRZ A BEN M, BEFLEAMNES LERLABEERE
EH, M H SRR ARZ AR R B E K HIFE N 7= 5 A 17 478 T o D AR A B8O+ s
Bz, 45 52 TR B RE (B3 s/ NER T A B BB T, S BUR LI & A 5 PR TR VR £ A5 5 S vP R A GE , DT H 3L
MRRMESYEAL
4 g

(1) Sk ARE b FE b SEAR EL , G B Bl B RS, R EE R IR Sk RAK . B RSB B A 3 7
EZRBELRERNAE BEF L AESEE MM KRELREE, FRESNTESE>1.9¢
em 7 MIAIRIKER <2.5 mm h ™' BRTEVE HEAE0.27 ~0.33 kg m ™, SHAR, B TE S5A & A B, E5
BB BEE/N15% ~25% , FETHF &AL 0.05 ~0.19 kg m ™ MHIFKRZTIHER 2 ~4 £, W45 25 5
BE—TMER.
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(2) s B e S ) - B B P P BEAR AN 1 ~ 3 mm [E B LRGSR BOEE ™AW, 7 ~ 10 mm FRE
MEFRRETRE , BRRARLEET 60% , R 52 T8 | R4 A1 RS 156 5 R RECE L 70% ,F-3F
IEE R E T Hi4 0.69 mm min ' H10. 84 mm min ", Fui/ MY B R 50% F140% .

(3) BT LR EA KEF L, B & IR TET 5 vp i) Fif s X 26+, N AR R R SV ER,
RIEHRE TR TRRE . BT EE - B ARMZERE T 2 T IE S L4008 i 258055 5 R 3 B0 AR B A
= THE BB DR B R T BB 2 ~ 4 %, B RUB VYR BE = T H B BB 30% ~ 150% , 17 1 48 i 2K 2R 3K
3~4 1%,

(4) LB HAB M ET L 5RMALN LERA R R BE EAHR, MM F/KR5RM AN 1%
MEABRZEIRBERIHXRR BARESERABEIZEBEEMX, BERERDEBRDRI, G
THIf=

WA, AW R KB R B, Tl B R th B A 2K R IR, H, FRRE LR AR —2 ¥ R,
AR FE TR, RGP R R R BE L TE B K VD SRR 45 A, i — 20 P A T8 B R DL, Dy 18
BEAR AR ALY 7 I HOK 1 3 2R B IR SR BE R AR o
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