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Abstract ; The study was conducted in the Caijiachuan watershed in Ji County, Shanxi Province. The primary objective was
to quantify streamflow differences among small watersheds with different vegetation covers. Annual runoff coefficient ranged
1.6%—2.3% and 3.1%—3.9 % in the forested and the non-forested watersheds, respectively. Baseflow was negligible
in artificial forest watershed, and but baseflow ratio ( baseflow/total flow) was higher (1.0% — 1. 5% ) in other forest
watersheds. In the non-forested watersheds, base runoff coefficient was highest (2.5%—2.8% ). During the rainy season
in June-September, total runoff from the artificial forest watershed was highest, about 3. 4 times of the natural forest
watershed, or 1.9 times of the agricultural watershed. The baseflow in the agricultural watershed was highest, about 2.2
times of the natural forest watershed. For storm events with short duration and high intensity,, runoff from the artificial forest
watershed was highest, about 10. 8 times of agricultural watershed. For storm events with a long duration, peak discharge
per unit area in the artificial forest watershed was highest, about as 6.9 times of the natural forest watershed. For large
storm events with a long duration, runoff in the agricultural watershed was highest, about 1.8 times of the natural forest

watershed. Compare with all landuses and vegetation covers, bench terraces and natural forests could greatly reduce
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overland flow and had large water storing capacity. We found the artificial forests did not have the hydrologic functions to
reduce peakflows. We conclude that natural vegetation recovery had the best hydrologic benefits in soil conservation and

thus should be promoted in the Loess Plateau area.

Key Words: vegetation cover; runoff ; watershed ; the Loess plateau
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B B 14 M B DR R R MR IR A 55 3 h T A, R R A R b,
T RREISNEE—ERE LIkt THRBRKBO R, KRELRBER T B— T BE XK SO
B, ASSCAE T PO B T ARIR v AR X A WL o BRI IR P i B A i B I, B 2 B KR, R
IKALH, RS [FAE R o B /N R TR A2 TOIR OLHEA T AR o 45 B B S B M ), DA 7R B B IRt O
[ 1 15 R e SR X R K SCR O o
1 WREHER

R X R AL T ARl o BT TR LU PG o B AR 2 R G E X B AN B S vl B e 3, 7 T B R 1L o
WP BER)NHE. AT RE 110°39'45" ~110°47'45" JL45 36°14'27" ~36°18'23", BT EEE
HERIFWERX , IR b i AR E I, K 4 14km, TR 38km”, 4K 900 ~1 513m( & 1), 4EREKEN
575.9mm,6 ~9 FFEK G 2ERKERE 70% 72k . FFHKEREZE N 1732.9mm, FHRE 10C, 1
gL, BE R, RRE R 39. 8%, i b LA B O H#E (Betula platyphylla) | 1L 4% ( Populus
davidiana) .\ 'T & ( Syzygium aromaticum) | B #& T ( Ostryopsis davidiana ) %5 20 | B R AR K A AR, 9 i 0 Rl AR
( Robinia pseudoacacia) \JH#( Pinus tabulaeformis) AMFH ( Platycladus orientalis) ZE R B A AR, FiEATRE
AR,

2 MRAE
2.1 BRI R
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BB N TR AR M/ AR AR/ N 2B RN IR B E A R 908 2 2R B T 3, BRI
BAE BRI, 5T 7 NSRBI RN R . BRREAFILNE 1.
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Fig. 1 Geographical features of the study area

®1 RBEREHER

Table1 The basic information of experimental watersheds

=3 2 3
WS WRER  WRER TBEE gy gamy Toor BEER e wao
No. Name Area orest cover Length Width ap'e i v e'y Gradient ~ Vegetation cover
rate coefficient  intensity
1 AR HhI B 0.71 0.0 1.38 0.54 2.54 1.81 8.7 PIKEREE N E

WA EW LR MR, il
2 2R )Wk 34.23 80.0 14.50 1.25 6.14 1.53 1.9 PIAT R E, TR .

FEHAE

BL 15 4E A4 A T RIBAR. 145
3 ATHREIR 1.50 9.5 2.18 0.72 3.03 3.00 12.1 A £

26 48, LG TR JH
4 2 g3y 1.93 99.9 3.00 0.68 4.40 4.10 8.4 WA TEEETEEAR

IR AR

PG ST AR 5 R R A
5 FAIHERE 5 o 81.7 3.30 1.10 3.00 0.91 8.9 LRI A M B A

PRI Tk

Rl B LR T EFS

6 WAEMRFLIR 18.57 82.0 7.25 2.67 2.72 25.90 7.1 SR AR VR A

T gk 2.63 15.2 2.88 0.91 3.55 1.09 2.1 PATHE. EEmYE

I FRBAE BB 598 Bl Vegetation covers of the watersheds; 1 5 ¢ 1 38 No. 1Farmlands; 2 5285 JI[ i 4 No. 2 Integrated with natural
forests, artificial forests, farmland and grass lands; 3 5 A T#kifi 3 No. 3 Artificial forests (15a) of Robinia, Pinus and Platycladus ; 4 5325 $5f No. 4
Being closed for 26 years; 5 53 A Thk ¥R 4 #k i 48, No. 5 Natural forests and artificial forests; 6 5 ¥R 4E #R¥fi 38 No. 6 Natural forests of Betula,
Populus, Syzygium, and Ostryopsis; 7 52E R34 5 4%, No. 7 Farmlands and grasslands; F[A] the same below
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3.1 REMEHEZRREREE S

ERR BRI R B AT EREN EESH, AT HENARARE S RBRERK RN ER, U
2006 4FS-WIRA WL 25 RBEA T, R WK 2,

M2 TR I, 0RO RO R 2006 EAE BRRE AR AP EETHERE. ALK
WIRTCREF AT, TR , F BRRE RR R B ET LB ERAR IR, (B 5 T HEZRARRE,
HEEWIR A THER AT RKAERRBRYERBEML, BRI EWEFESAERE RBRAFSAT
MR Y, FHRZRREBRRR A TARTEL, HUOR 242 B0, A AR 8 b I 8 L R AR
R/, FEREBEKXMRRHTIE, HYR LB, 25 IR R AE MR H B A 2 A Tk
LWRAEMTIBEREREBN, A\ THRBREZRE.

®2 2006 EEXBRHELTR
Table 2 Yearly runoff of experimental watersheds in 2006

FEME FEERE FRERE FHREHRE FHRERAHE FEEER FRRRH

éﬁf ?ﬁf% Annual rainfall ~ Annual total Annual runoff Annual overland Overland runoff  Annual base Base runoff
amount runoff depth coefficient runoff depth coefficient runoff depth coefficient
1 AR HhI B 543.50 16.89 3.11 1.56 0.29 15.33 2.82
2 B5 ) H 521.10 12.88 2.47 3.91 0.75 8.97 1.72
3 ATHREIR 575.50 13.16 2.29 13.16 2.29 0.00 0
4 ESE=3/ 811 512.5 9.98 1.95 3.15 0.61 6.83 1.33
5 iﬁiﬁﬁjﬁ 528.40 8.40 1.59 3.00 0.57 5.40 1.02
6 TRAE PR IR 516.20 8.89 1.72 1.40 0.27 7.49 1.45
7 B EXo w8 574.00 22.23 3.87 7.83 1.36 14.40 2.51

AP A FRARFIREAEBR R ZR B BN TR, X 5X BB % P R —3 WAk
TR N AR AR AN AR TS AR AR 1 2 , ZEMOS BB /R R T, 3 30% B9 FER DL R TE R
FXRK P, N> T Bk R R, B—FE, &L RRE, B AMRIIK S MR T K EH
R MWARZKRUTHEFE, AT BAMRIBER KRR, NTHEREFOKER, FEREANT,

3.2 AR & R FRE

WHRREREEEHEG6 ~9 Ay, ERWER S FERBBEREY 0% 246", B THIRHER
I BB FIAR AL , XF 2004 ~ 2006 44 LR FIMM TR (6 ~9 Afy) BIWATRIT o4, RN
%* 3.

M 3 W LA, e AR B & i RBVMIWF o - N TARGF IR > R ORI > R R >
N TARELRAEMGIR, > T AR W > E 5N W > WA A TR IR R B8R AR
3.37 1, RAR MUK 1. 92 %,

MRARRENUF N  NTAHARRR > R PHORIR > BRI E 1 > BRI > A TR ERRIR >
TSR > R IFIR, RIFIBAIRE TR B/, R ATHRRIRE 7. 74% o WA HRZHR
B A NTARREE 9.50% .

A IR 8 i B/ INKUOT AR MR > R BRI > AN TARERAE SRR > BER R > Ak
AT > ) EW, NTHRBENEREFTF, KRR ERUEMRIRL 2.2 5,

ANTARFI RIS M >, EAE YR 2 B, BT N BT SRR , R AR R Y0 T A IR A
AARWRIR, X G TR AR FANPHRER B ERNATHRBRE T BERR, BROE R
KBAMTIRER . 75, \THEEREFDKER, Fit, \THREHERENT, FREBRIRHENE
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SRR, TR SRR RO E, TSR B M R AR AR M RIS 3B M 2 s A L R B
TEEMFRREER, EERNMRERB AN TR UREREARE  ZREE ., R AR
AR AR R R 2 R, R A BRI E A A 8K, TEERETARR, MnmHKAR
8/ WBD TR &, AR R UL,

£3 2004 ~2006 FELRFHFEERE
Table 3 Amounts rainy-season flow of experimental watersheds from 2004 to 2006

i) 1 H%Ef BRE k=
amount depth runoff depth coefficient runoff depth

1 BRI, 2004 296.0 7.44 0.76 2.51 6.68
2005 261.0 2.65 0.42 1.02 2.23

2006 475.5 7.68 1.47 1.62 6.21

SE39({8 Mean 344.2 5.92 0.88 1.72 5.04

2 BRI Fk 2004 311.6 3.90 2.18 1.25 1.72
2005 244.3 2.00 0.88 0.82 1.12

2006 450.0 7.50 3.84 1.67 3.66

SE39({8 Mean 335.3 4.47 2.30 1.25 2.17

3 ATHREIR 2004 306.5 15.95 15.95 5.20 0.00
2005 225.0 5.56 5.56 2.47 0.00

2006 506.5 12.95 12.95 2.56 0.00

SEIE 346.0 11.37 11.37 3.41 0.00

4 R, 2004 312.0 3.52 1.73 1.13 1.79
2005 259.5 2.74 1.12 1.06 1.62

2006 449.5 7.87 3.03 1.75 4.84

SEIE 340.3 4.71 1.96 1.31 2.75

5 P AT 2004 318.3 8.92 2.20 2.80 6.72
LRI 2005 255.8 0.81 0.47 0.32 0.34

2006 463.5 5.83 2.95 1.26 2.88

SEIE 345.9 5.19 1.88 1.46 3.31

6 WA IR 2004 310.6 2.98 1.43 0.96 1.55
2005 242.1 1.41 0.43 0.58 0.98

2006 442.8 5.72 1.37 1.29 4.35

SEHE 331.8 3.37 1.08 0.94 2.29

7 Ao ool HrgE IR 2004 306.5 5.90 2.20 1.92 3.70
2005 263.0 5.08 1.80 1.93 3.28

2006 506.5 20.25 12.43 4.00 7.82

SEHE 358.7 10.41 5.48 2.62 4.93

3.3 GFEmRSGITAMa %

B ETT B % A+ KPS, 8+ X AR TR T RS MR T B MR T 3 B 2 [ TR 2 )% . 10min %K
& \30min £ KFI & .60min F KFIESEIR, M AR R ERN (A B) HEEERLE ERERY
(B R) KIrHEmEMAER (CB) , ARBFSAIFLL LT8R 2004 ~ 2006 4F 18 52BN #E1T T R4
B, R 4,

AT B Mk Sig fH7E 0.0001 ~0.031 Z JA], R R RE I, BREREE T BE ANBRS
REAR—Z, 75 18 R P, A BIREW 11 37, BiHFEW & 158. 3mm, SREWIHR AR S &1 61. 11% |
34.58% ;B BIREW AL 3 37, BitEW & 74. Smom, (5 RER R AR A& 1 16.67% ,16.27% ; C BIFER 4L 4
%, BitFE R 225mm, 5 FERFHRARER B 21 22.22% \49.15% ,
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F4 HREHEERAGITER
Table 4 Statistics of characteristics of rainfall events
FEmE P& 7 7 A FREMBRE  10min RAWE 30min EXME  60min XKW

]i?; Rainfall Rainfall Average rainfall The biggest rainfall The biggest rainfall The biggest rainfall Ig%_igiiﬂ
amount continuously time intensity amount in 10mins amount in 30mins amount in 60mins
2004-07-15 23.8 270 0.09 5.80 13.30 15.80 A
2004-07-29 8.0 70 0.11 3.80 4.80 7.80 A
2004-08-10 10.6 160 0.07 4.60 6.40 9.90 A
2005-08-16 65.5 1890 0.03 3.00 8.50 12.50 C
2005-09-15 12.0 195 0.06 2.00 5.00 9.00 A
2005-09-19 76.0 1990 0.04 2.00 4.50 7.50 C
2005-09-27 40.1 2120 0.02 1.50 2.80 4.60 C
2006-04-20 19.0 405 0.05 2.00 4.20 5.50 B
2006-05-26 5.3 150 0.04 1.00 2.40 4.00 A
2006-07-31 18.4 110 0.17 7.10 12.80 15.70 A
2006-08-3 23.8 80 0.30 6.40 13.50 23.40 A
2006-08-15 5.0 25 0.20 3.60 5.00 5.00 A
2006-08-25 34.2 250 0.14 9.40 19.80 24.60 A
2006-08-28 46.4 1610 0.03 4.50 8.50 11.40 C
2006-08-30 13.0 230 0.06 2.80 4.20 7.30 A
2006-09-4 38.3 730 0.05 1.70 4.50 8.30 B
2006-09-18 4.2 25 0.17 2.20 4.20 4.20 A
2006-09-21 17.2 625 0.04 3.10 5.30 7.60 B

WL, A BIRET G B2 T B &A1 C 2LL,[B A BIEM N GREREE/D, RITHRES 5 SR K
1/3;C BBEFHRBL, GEmEER, RIHEREL S SRR 1/2, WHISR ;B RIBERRES C 2R
HIE, G B WA R, BT ELA & BHEHER 1/6,

3.4 A BRIRERIAM T ARMSE SR RR

2006 4F7 F 31 H2E YA A BIFERT , LARE T 8 Xt 2 SE I s e AR R HLE BT T 0 A 18 3

x5,

®5 LW A BERSRSIEE
Table 5 Characteristics of runoff during type A rainfall event from experimental watersheds

O R Ol imE  Oddmsi ooy dcin
. 'veriand rinao 'veriand runo e pe: 1scharge
Date No. Name Rainfall amount i i i
depth coefficient in unit area

2006-07-31 1 M I, 16.0 0.025 0.15 0.08

2 BRI 18.4 0.14 0.77 0.13

3 ATHRFRIR 26.0 0.27 1.04 1.43

4 Eop 3P 25.0 0.13 0.54 0.31

5 A TR 24.0 0.18 0.73 0.29

6 AT IR 25.6 0.055 0.21 0.08

7 e o e g d5h 21.5 0.16 0.74 0.27

TR P RIR R R A BRIRER ARG T , A TR R AR 2] R RPN S MR IR B R R, &K
MR RN R R R B R AR IR E Bh . ATARBEG M AG T KRR RERRM
TR 10. 8 £, AR AT HIRAET B RA MR 2.2 5, P A TR AEMGRIR R EBOR IR B
SWIRE R AR BRI

AR IR IRAE T 2R R A SRR, i R 2 B, HL2RR s H, A YR — B K I ARR AL BRIE B
MRAER, Hit, RRE R A AR PR B 38 T AR, 7T, Rl $5 0 T Bk AR
Pt | R B A R, YR AR R FIR R TRE . BRI, 7 8 b BB K V-8 B BR . B ARAE B, 2 BB Bl
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BRI R RTTRAK ERK, X SBXRE MBS 8
3.5 B AIBEMAM T A RMEYE R IR RER

2006 489 H 4 HEREFR- BV AN B ZURET , X TR AR F T & SE 00 I S TR A2 TR 504 R e 3 0
HIRNFE 6,

F6 THHHE B AERMERSEE
Table 6 Characteristics of runoff during type B rainfall event from experimental watersheds

. verland rnno: 'veriand rinao e pe: 1scharge
Date No. Name Rainfall amount i i i
depth coefficient in unit area
2006-09-04 1 M I, 44.5 0.23 0.52 0.14
2 BRI 38.3 0.41 1.06 0.11
3 ATHRFRIR 45.0 0.46 1.01 0.48
4 Eop 3P 45.0 0.40 0.88 0.20
S YW
5 44.5 0.36 0.81 0.16
e IR AR IR
6 AT IR 40.9 0.20 0.50 0.07
7 e o e g d5h 47.0 0.87 1.85 0.36

M6 WLIA M, EHNBRKKBHEANGT , SRBMREREHHF Y AR BRI > A TARRR >
BRI E > BRI > A TR AR > RIFIR > AT, PR AR R 8RR R
IR 3. 78, RUCEMRIRAY 4. 35 o W, X TEAR AR, R AU IR G RA B K E
1o TEFMBA B RFTARMT , A W AL 1 AR A B B i HEF O : N TR > 2R BRI > 228
W > 2 N TAREDRAEAMRRIR > AR > 51 £ > WAEMR R, A TARRISERA E R EE g &
SRR 3. 43 £, R IRIRE) 6. 86 1o AT, ZE T INBR R AMF T , AR R H R IRA
Y(EXE N A N AT T AN b 7 W e e S

R AP — R M, 75— R, AT, SRR R ERBGE K E B
BRI A REREE T , 322 R, TR EKER N T R, L H R AT MR B /N, BRI 5
PR RIEIGIT . I, FRPHIRIRE TR B BN B BT
3.6 C BIRERIARM T A FESOE i s 2R

BEHL 2005 4F 8 H 16 HK Pt KT E# C BIFER 96, 3 & S M F R AUl T R it i 5
x7,

®7 THHE C ARAERSEE
Table 7 Characteristics of runoff during type C rainfall event from experimental watersheds

. veriand rno: 'verland rnao: e pe 18C] a.rge
Date No. Name Rainfall amount i i i
depth coefficient in unit area
2006-08-28 1 AR HLF R 43.0 0.35 0.81 0.66
2 BERIF K 43.9 0.39 0.89 0.52
3 ATHRFRIR 50.0 0.91 1.81 1.59
4 P IR 50.0 0.46 0.93 1.10
Je N THE

5 52.0 0.43 0.83 0.97

A AR ’
6 AT IR 48.6 0.20 0.41 0.24
7 e s e e Jok 51.5 1.02 1.97 2.80

FER i KT BRI AT , AR 2 A2 5 8 A 5y T AR b B 8 B9HE R 09 - RO > ATTAR
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IR > BRI > 22 A TR AR, > KRBT > R FE > WAERTR. BREBCFBHZRE
RARMPIRET 2. 91 15, RUCEMFIA 5. 1 . RMPIRARR R RWAEMRIRE 1.75 5, T REZ K
S R 2 R F) R M JREIBURT U A ARIREEIF e  BE B L Pl R B P TR S AU /K R IR, (R AR ARSI P R 5B
B3, NTHGH KIRE TR SRS/ T IR A

4 4Hig

(1) ZRAARFLIR AR I B/ TR FIRAN R BRI R I 2R 2O IR U AR AR Y
PR B E BT AN ARSI HAE 908 55 K

(2) EFZEAN TR RS 2R AEMFIRAY 3. 37 ), BRMFE 1. 92 £, RBFBRAYHERER
B HANTARIRE 7.74% . WAEMKRBKMRERE A ANTHRRER 9.50% . AN TARRIRE 25 &%
TF, KM RUCENTIRE 2.2 75,

(3)FEE i HBR R A BIRERI AR T , N TARRURA R B Bk, RMRIER /D AR K
AT R AR R 0 FRA M TIRAY 10. 8 (5701 2.2 . EHREREBIAMGT , PR FHORIBA
FRWEERN, RAMFIRAY 3.78 1§, RUEMRIHA 4.35 5. FERFI KFEHRGT , FREBORIE
R B Bk, —RARMRIEAY 2. 91 5, AR 5.1 1,

R L XE/MRBRABEK 3, 885 BE2 MR ERE , BN HRRR O 2R L, (B
HEERRAER/DTIRERES,

A PRARIFHIBIEK L RARFK IR TR DI RE , A 8B K T ARG AUK IR IR DI BBE 47 T AL
g, B, A TRAETRENE L RIRKX, MOE ST AF 7 R AR BRRE, B A
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