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Abstract; Soil erosion is one of the most environmental problems in arid areas of the Loess Plateau in North China. And
understanding the relationships between vegetation covers, especially man-made forests, and runoff and soil erosion is key to
ecological restoration in the region. Previous studies showed that forests can reduce runoff amount and protect soil from
eroding in loess gulley area of the Loess Plateau in North China. But the man-made forests such as Robinia pseudoacacia
plantations would consume more water and may lead to severe loss of soil water, which is harmful to the hydrologic functions
of forests in the Loess Plateau.

We examined the hydrologic differences of two watersheds with different landuse and landcover types, one natural forest
and one artificial forest in the Caijiachuan watershed in the loess hilly region of western Shanxi Province. These two
neighboring experimental watersheds (one of which was planted artificial trees such as Robinia, Pinus and Platycladus, and
the other has been closed for 26 years) have the similar characters of soil, geology and physiognomy. Based on water
observation data and precipitation data collected from 2004 to 2009 in experimental watersheds of loess areas, comparisons
of the annual runoff and the rainy-season runoff between natural forest and artificial forest, and analyses of the correlation
and regression under different types of rainfall were used to discuss on the relationships between runoff and vegetation
covers.

The results in this study showed that the annual runoff and the rainy-season runoff ( June-September) from the natural
forest watershed was significantly lower than that from the artificial forest watershed, 58. 6% and 48.0% , respectively.
Annual and rainy season overland flow from the natural forest watershed was lower by 83% ,81. 1% respectively when
compared to that from the artificial forest watershed. Baseflow was negligible in the artificial forest watershed. Under A-type

rainfall ( storm events with short duration and high intensity) , peak discharge per unit area in the natural forest watershed
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was significantly lower by 83.4% , compared with that in the artificial forest watershed. The types of rainfall had impact on
runoff in small watersheds with different vegetation covers. For the artificial forest watershed, the average peak discharge
per unit area under A-type rainfall was highest, about 10. 1 times of that under B-type rainfall ( storm events with long
duration and high intensity), about 3. 4 times of that under C-type rainfall ( storm events with long duration and low
intensity ). For natural forest watershed, the average peak discharge per unit area under A-type rainfall was also highest,
about 6. 8 times of that under B-type rainfall, about 1.6 times of that under C-type rainfall. So we concluded that flood
events and thus soil erosion would likely to occur under A-type rainfall events. And some measures for water and soil
conservation should be taken especially under A-type rainfall events.

This study suggested that natural forests could reduced more runoff and peak discharge than the artificial forests.
Natural vegetation recovery had better hydrologic benefits in water and soil conservation and thus should be promoted in the
loess gulley area of the Loess Plateau. Also, man-made forests should be managed to realize their intended hydrologic

functions.
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Fig. 1 Geographical features of the study area
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Table 1 The basic information of experimental watersheds

e WIRAK VLB B Forest cover Shape

BHEEE  BRRH TR _—
Y FE A2 Vegetation cover

No. Name Area/km? rate/% coefficient intensit): X Gradient
/(km+km™*)
3 ALARWE 1.50 92.48 3.03 3 0.12 PL 15 44 N TRIBRAR JFA AR AATAR R £
RAWA 12K 26a, LA GURHR T & R TS 4LN
4 Pran 1.93 99.95 4.40 4.1 0.08 T
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2 ZERS5454 Fig. 2 statistics of rainfall classification
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Table 2 Yearly runoff of experimental watersheds from 2004 to 2009

TR A l‘%fﬁﬁ SN BWRE WERER R  RERARE FEJ A HW AR
Name Year Rainfall Runoff Runoff Overland runoff Overland runoff ~ Base runoff Base runoff
amount/ mm depth/mm coefficient/ % depth/mm coefficient/ % depth/mm coefficient/ %
N TR 2004 315.5 17.61 5.58 17.61 5.58 0
Artificial forests 2005 258.0 6.58 2.55 6.58 2.55 0 0
2006 575.5 13.16 2.29 13.16 2.29 0 0
2007 454.5 9.89 2.18 9.89 2.18 0 0
2008 293.7 7.62 2.60 7.62 2.60 0 0
2009 422.5 9.87 2.34 9.87 2.34 0 0
SEHME 386.6 10.79 2.92 10.79 2.92 0 0
KR A 2004 315.5 5.48 1.74 1.76 0.56 3.72 1.18
PRI 2005 298.5 4.13 1.38 1.23 0.41 2.90 0.97
Natural forests 2006 512.5 9.98 1.95 3.15 0.61 6.83 1.33
2007 360.6 6.51 1.81 1.38 0.38 5.13 1.42
2008 286.7 4.91 1.71 0.92 0.32 3.99 1.39
2009 412.5 6.89 1.67 2.58 0.63 4.31 1.04
SEHME 364.4 6.32 1.71 1.84 0.49 4.48 1.22
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Table 3 The rainy-season runoff of experimental watersheds from 2004 to 2009

FIRAFR A [‘%fﬁﬁ CEho R ARL WERERE  WRERREK i HR AR
Name Year Rainfall Runoff Runoff Overland runoff Overland runoff ~ Base runoff Base runoff
amount/ mm depth/mm coefficient/ % depth/mm coefficient/ % depth/mm coefficient/ %
N TTARGAR 2004 306.5 15.96 5.21 15.96 5.21 0 0
Artificial forests 2005 225.0 5.56 2.47 5.56 2.47 0 0
2006 506.5 12.95 2.56 12.95 2.56 0 0
2007 372.0 6.72 1.81 6.72 1.81 0 0
2008 279.3 5.65 2.02 5.65 2.02 0 0
2009 300.0 6.84 2.28 6.84 2.28 0 0
FEIME 331.6 8.95 2.72 8.95 2.72 0 0
RIRK A 2004 312.0 3.52 1.13 1.73 0.55 1.79 0.57
PRI 2005 259.5 2.74 1.06 1.12 0.43 1.62 0.62
Natural forests 2006 449.5 7.87 1.75 3.03 0.67 4.84 1.08
2007 293.1 3.87 1.32 1.22 0.42 2.66 0.91
2008 262.2 3.31 1.26 0.90 0.34 2.40 0.92
2009 297.5 4.52 1.52 2.12 0.71 2.39 0.80
FEIE 312.3 4.30 1.34 1.69 0.52 2.62 0.82

R 2 AR 4 R TR A L, T DA A MR R R s e A K R e, R4 R
2004—2009 4 RARUKAEMR TR A TARTEIEAG R S FER WA . AR 4 77 I, RAR K A RTS8 7K
FPRMEMN HIR T A TG KRR A PRI K ZE 1572 0 & B BB 21. 119%—40. 51% , T A T
PRTTIR A LR 1. 57% —32.03% , RARWK AR GRS K ZE2 4572 BT o L4912 N ARSI 1. 72 4. AT LA
NN BRI E G AE AR R K ) R E 5 mMEA B T A T

F4 20042009 FERWBHEEZLERESESRREMNLE) %
Table 4 The proportion of dried-up season runoff to annual runoff of experimental watersheds from 2004 to 2009

R34 FR Name 2004 2005 2006 2007 2008 2009 F-H)4E Mean
AT AR Artificial forests 9.38 15.55 1.57 32.03 25.84 30.67 19.17
FARUKAHE MR8, Natural forests 35.77 33.66 21.11 40.51 32.66 34.40 33.02
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N TARFRIRA AR B B 48 I 2 8 B o7 T ARG 0 I B 29 K R 8R WR A AR 3 38R, 43~ 31 2 R 4R W A b 3 38R 1)
6.77—7 £i5.3.01—8.03 £%.0. 67—S8. 81 fif, FILAIN Ny, B SRVK S A AR B Xof 46 7 sk v 0 3 ) e ° PR 22 B
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Table 5 Statistics of hypo-rainfall runoff of experimental watersheds under different types of rainfall

WA AR W4 BME K S sﬁﬁ%

Type Characteristic of types of rainfall Name Minimum Maximum Mean ..
deviation
ANLARFIR #29 #/ mm 0.0028 4.1098 0.5185 0.8922

R 4—39. Smm, FY &I H K T 1 S
12.8mm; ¥ ¥ B W i W N iﬁﬁﬁzjﬁfﬁ% 0.0002 2.6711 0.2580 0. 6294
s 176min ; [ R 0. 6—18mm -
ﬁ Z':m bt "";;3 ngi;&? o r:r: RRER % 0.0522 17.2682  3.3722 4.0310
-type , . 42mm - B .

il 10min 30min. 60min kg FAAYCE B/ mm 0. 0004 0.6073 0.1237 0.1729
B 4 5 A 21.5mm - hTh prom i&ﬁiﬁéﬁ%ﬁii 0. 0003 0.3033 0.0428 0.0783
14. 4mm-h~1 9. 6mm-h ! /(m s km ™)

RHRB % 0. 0065 5.7290 0.8368 1.1673
ATH  BFiE/mm 0.0769 1.6145 0.4438 0.4709
KR i 8—38. 3mm, iy RLHE N T 1 S
22.21mm; F # W& T 5 N iR i%ﬁﬁzjﬁf@? 0.0016 0.0958 0.0256 0. 0296
5 710.72min; [ T 0.6—
I:fm ; Smmf";"_l BZE;% anm. RHRB % 0.2062 5.9891 1.9364 2.0487
- e . , . .

il h-1:10min 30min.60min &t g R R/ mm 0.0132 0.9906 0.1784 0.2461
SIS IR 14, 6mm b~ L kg *ﬁ‘:;mﬁm%f@ 0.0007 0.0195 0.0063 0.0056
9.9mm+h~" 6. 7Tmm+h "' /(m’ 8™+ km™%)

WAL % 0.1096 2.7518 0.6510 0. 6920
" ATH  AFE/mm 0.8638 2.5240 1.5226 0.6821
& 21. 6—76mm, 1y & ¥{H 2 T
K 46. 82mm; T 5 [ T 5 I N R f%ﬁﬁﬁfﬁﬁ 0.0411 0.1592 0.0770 0. 0500
1155 1884. 17min; 5 0.6—

%%’Eﬁ 5 dmm T:: Biﬂ{;%? S WAL % 1.9552 4.088 2.9474 0.8019

rainyfzn h~',10min 30min 60min foky  CROCE B /mm 0. 0664 0.4745 0.3266 0.1525
SRS N 13.3mm b s *ﬁﬁmﬁyﬁm@ﬁ@ 0.0027 0.1099 0.0261 0.0415
9.4mm-h~! 6. 9mm-+h ! /(s km ™)

BIWEE % 0.3073 1.1110 0.7197 0.3347

XA R TS BY T AR U5 P B H] B R R AT R AT B3R 6. 3R 6 AT I, A BUREFN AR M4F T KA
UCHE PRGN AR S8R B A2 B B T ARk 0 -5 [ T 2 | 1 Omiin iz K58 30min Fz AR 7 \60min #z
KSR Z B A AT AR o AN TARGRIURIIR SR UK A ARG do ) A28 D B 3895 W TR 2 R S M e i, TG B T
AR B -5 60min B KR 58 BIHE R AT o

F6 ATREEMEARTERABRRBAER-BROBXRY
Table 6 Correlation coefficient of event rainfall and runoff of experimental watersheds under different types of rainfall

10min fz KR 30min F AR5 60min i K FY %

P& TH B The biggest The biggest The biggest
Fi% Type iS4k Name Rainfall rainfall intensity rainfall intensity rainfall intensity
amount/mm in 10mins in 30mins in 60mins
/(mm-h~1) /(mm-h~1) /(mm-+h~1)
AR ANTARRIR i/ mm 0.862** 0.786 ** 0.852** 0.829 **
A-type H AL/ (m® s~ km ~?) 0.544 ** 0.499 0.554** 0.636**
rainfall  RARKAEARWIRL Wi R/ mm 0.592** 0.550 ** 0.523** 0.589 **
oy AL IS R/ (m® +s " km 72) 0.653** 0.616 ** 0.601 ** 0.655**
BAIFY  ATLAKHIR Wi R/ mm 0.811 * 0.912** 0.939** 0.958 **
B-type B AL/ (m® s km 7?) 0.543 0.694* 0.688* 0.696 *
rainfal  RARKAEARRIRL AL/ mm 0.701* 0.455 0.481 0.526
H AL/ (m® s~ km ~?) 0.835** 0.632* 0.752** 0.863 **
CHIF ARG Wi/ mm 0.755 0.429 0.363 0.424
C-type B A IR/ (mP o5~ km ~2) 0.103 0.782 0.513 0.456
rainfall  FARUAEAR TR AU AL/ mm 0.559 0.375 0.305 0.322
AL AP R/ (m® s "l km ~2) 0.110 0.899* 0.691 0.612

* P<0.05; = = P<0.01
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B EL T AR I B 5 R T B R 60min FRKTRIR A2 & (AR AT MRS IR 7. WK T ATLIEH,
NTARF AR T e B A SRR R T RAR AT, 70 51 R R AR UCLE ARSI 3. 34 F5 70
34.79 o RIARRUEMFIR IR TR B R BE Pl B2 BT A TARRIR, X UERA7E A BIFETR
FAF T RARUAEAG IR EE A ARS8 B8 B 4 i T Dt v A i i o
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Table 7 Regression equations of hypo-rainfall runoff, peak discharge of experimental watersheds under A-type rainfall

Wi 4% Fr Name A BT 72 Regression equations of runoff BEIA 37 & [ JH 5 72 Regression equations of peak discharge
N T AR I, Y, =0.006 +0.001148 Pl ,R =0. 87 ** Yp =0.006 +0.001183 Pl ,R =0. 569 **
FARUR A AR IR Y, =0.054 +0. 000344 Pl ,R =0.549 ** Yp =0. 005 +0. 000034 Pl ,R =0.688 **

* P<0.05; * % P<0.01; Y,; & Runoff/mm; Yp. B{ AL & Peak discharge per unit area/(m3 s~ -km~2); P: W& &
Event rainfall/mm; Ig,: 60min it X7 The biggest rainfall intensity in 60mins/(mm+h ") ; R: #H36Z& %L Correlation coefficient

2.3.2 B RIREWIAME NN FIAE 45 36 MR R -2 e &R

B RURE T ) 2R & PRI BT HE A BRI R, He C BURN/D, SE R o8 Bt AT A BUF AN C AU
ZIE. M5 FTLAE M, 76 B BIRERAM4 T , A TARTER AT R A2 RS B AL i B KT R AR
WARRBRIR, 7 & RAR K AR 1. 63—5. 83 4% .1. 88—2. 18 £i5.2.29—4.91 £,

MFE 6 ITLIES],BEIFEMAG FTATIHARBHNERESSEWETA RFHHELER, IERES
10min £z KT 5% \30min £ K W5 .60min i KR Z [BI¥A BIFHHEXER  HE5BENENXRAEE; R
WA AERE R SENER BENMHXXR, MR E 5 & W E 78 BEHEM . ATAREEZ
TS 60min £ RT3 W AH MR K, T RIR K A TLIAR & 5 MR B AR R . A AR A R AR
YRAE AR P B 5 60min S5 K Y58 I AH G 36 R BT

Xt L R 5 T R A1 60min S KT IR M4 & (GRAR) #EAT I 4047, i3k 8 Fin. 76 B BUREMI 4%
BT, N TR & e B A A AR K, R KRR AT 6. 07 £5F1 4. 24 £, ULEA
£ B RIRETR 4504 THEE Pl 7B AL, N TR AR TR LT & AR AT K F RAR K AR

*8 BEEMFHTERBRBREHRR. HIEHEIETSTE
Table 8 Regression equations of hypo-rainfall runoff, peak discharge of experimental watersheds under B-type rainfall

Vi34 ik Name A i3 5772 Regression equations of runoff LI & 1] )9 572 Regression equations of peak discharge
N T AR I Y, =0. 104 +0. 000662 Pl ,R =0.973 ** Yp =0. 006 +0. 000072 Pl ,R =0.699 *
TRV MR Y, =0.051 +0. 000109 Pl ,R =0. 513 Yp =0. 002 +0. 000017 Pl ,R =0. 841 **

x* P<0.05; * * P<0.01; Y,: 72%i# Runoff/mm; Y. B{7[f AL & Peak discharge per unit area/(m*s~'km=2); P; &R &
Event rainfall/mm; I, : 60min # K% The biggest rainfall intensity in 60mins/( mm-+h “1); R: #3E R B Correlation coefficient

2.3.3 C BUREMAM T A R S0E SRR -2 S R

5 A B AT, C BRI AIFER B, BN R, FWERD. WK S ATLER, 7 C BN 4
T SRR R U R E AL T AR e i B B /MU 249 0 - N AR AR > KRR AE M. A TARGR
BRI AR T AR A T AR W 0 ) R AR U AE MRS 5. 32—13. 01 4% 3. 68—6. 36 i 1. 45—
15.22 1%,

MK 6 AT LA H 1 C BIRERTARME T , RAAUC ARSI I8 5 10min FR R FI58EAAE M B3 , N TR
AR LIS TR TR A SN i GXAR AT R i T C BRI BB IT 80 o BRI S & MM A
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