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Fig. 1 Raingauges and check dams of Qiaozi East watershed

1 MERLTHAALRE SREBERLG
Tab.1 Percentage acreage of different land use
types in Qiaozi East watershed %
4 MM w0 BHE O WEb B Mok
1986 29.23 3.04 7.87 54.20 5.43 0.23
1995 40. 05 2.96 30.10  25.69 1.17 0.03
2004 44.42 2.96 43.12 8.31 1.17 0.02

2 HERBRSEMRAE

7T 4R 9 T R 1987—2010 47 7K SC U8 b BBt oK
U T B KR 2 B4 RKOK L AR R .
TFARMABAA R T 3 T H S, DR %20k
P T A5 AR I 1 s T
B IRT I (1), W 509 = f %
2 U0 I A /N K B PR3 0 e A R D 2, 4 K B P
KB I R AR R M 2 o)y
VR HAT I YRR B R AL T,

T R 5 e T R AE 6 7 08 00 1 5 W, T
R T % BRIV 0 9 4 568 AT 2 2 s AT O 534
W (P) MW DT I (D), RT3 (1), K
30 minfi 3 (1,,,.) , Bl 1 d BEFTRE (P, ) fT 3 d BT

H(Py,),m S5 dBEWNE (Pyy), 70 7 d MW=
(P,), BWIHE(H) , W &RB(R,), ¥k 0 0 &
(Q..) HVER (M), FHEDRC), HKRKE
Wi (C,..) . IR K ¥{H 40 25 0, M08 B W 1Y
FEAE X JE AT 4325 1° 7% . Perruchet F 1983 4F 4 i
TR R W ek E BT AR 2R R K
WA R T 254y B B W 2 5 (p < 0.05)
VRISt E

3 HRSWRR

3.1 R KD TERE

XA F ARV U I 143 37 Yt K =R 1 1 BT L A2
YRV A B HEAT TR G T (R 2) , FEFE
[Tk TR R SR T (1 A

TR /N TR 3.0 mm, & A E 2008 4E 6 A
29 H,H KFEMW AT 97.0 mm, &4 7E 2006 4
8 H27 H, WKW & it 50 mm [y #k ok 7 3t
17 %, &5 Fr A S 11.9% |, # 538 - 44 38. 8 mm
M PEK AR G BT A AR 35.7% o IRBEK FAF
W T I B AR AL L D 43 ~ 2 399 min, - Y B T T B
628 min, [ R g B F 1 000 min fy 3k K 5 14
21 3, 5 14. 7% , B 7 ) 7N T 480 min f4 3t 7K 2544
59, di 41.3% o WKV 34 5 0 S ME R
0.5 mm/h, % 4 7 1987 4 6 H 26 H, &M & X
12.3 mm  {HFER 7 B4, 353 1570 min; *F- 347
S Y Je KAE 3K B 32.7 mm/h, & AETE 2001 4FE 6 H
23 H B &N 23.4 mm  (HFEM Py o &5, A
43 min P 2 R 3R 2L 10 mm/h i kK S5 R AUA
104%,,57.0% ,/NF 5 mm/h b K4 113 3,5
79.0% . Hif 1 R 0 A2 A B HI 1 dL3 dy
5dAT dREW T 50 AR R R B B 2. 18,
1.35.1. 14 f11.05,

UCHE K S A2 i R 2 AR L 2 0. 001 ~23.0 mm,
EHME R 0.8 mm, A2 Y T AL 5 mm 1 kK AR
43,5 2.8% ,/hTF 0.1 mm {3tk FAF 65 3, 5
45.5% o 1R FR BN AIEE DY 0.000 1 ~0. 24,45
AR T 0.1 kK F AL 10 3, 5 7.0% , /)N
T0.01 Ptk FFLF 90 3, 5 62.9% . /i
YRR 0. 02 t/km® | K A4ETE 2010 4E 8 18 H , &%
KV REEC R 9 991.9 t/km®, & 4= 7F 1988 4F 8 J]
7 H R 500 vkm® KRN 17 3,
5 11.9% | 5 V0 BRI T 50 vkm® 1 kK 21 R
82 5,15 57.3% . BEIKFAFF- 345 U0 Y A2 1k [
H19.4 ~612.0 kg/m’ , F-34{H Ky 242. 0 kg/m’ | 48 53
FEHR 0. 56, L WIHF 7R 1 It B L oK = 1o 1 5
Vb 18 R EE RN
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Tab.2 Descriptive statistics of flood events in

Qiaozi East watershed

ZH woME EBOKME PE bR
P/mm 3.0 97.0 27.4 18.9
D/min 43 2399 628 471
I/(mm-h™") 0.5 32.7 4.0 4.1
Lgua/ (mm+h 1) 1.0 62. 4 12.7 12.3
P, y/mm 0 34.5 3.4 7.4
Py /mm 0 73.3 10.3 13.9
Py ,/mm 0 108. 0 18. 1 20.7
P, /mm 0 148.5 26.0 27.2
H/mm 0.001 23.0 0.8 2.6
M_/(tkm~2) 0.02 9991.9 274.3 984. 6
R, 0.000 1 0.24 0.024 0.043
C/(kg'm ™) 19. 4 612.0 242.0 136. 6
Qua/(m*=s71) 0.000 52 26.3 0.6 2.4
C,../(kg-m™?) 19. 4 847.0 329.9 189.3

ME(%3), i3 ATH,P 5 HM Q,. 7 p<0.01
K- RBFERG, 5 RAC, TE p <0.05 /K-8
Ko D H5RmEMEPEHARG R EME, 1{L5 R,
fEp <0.01 KF-RBFEMKE, 5 C,, 7 p <0.05 K
L EA B EMOCE o L, X TR B K S B A
M BA BERw, 5 HM, R, .CH C, AHA
BFEMKNE(p <0.01) , R L, M T R
PRI E B R . 23 RTINS
T 7 I R A VD N B A OGPy,
5 R.AE p <0.05 /K #FAH & P, P, 5 RTE
p <0.01 7Ktk 35 A0 3¢ , 3 3% W] Hir 09 4 T 2t %o 2 1
Fro B2 78 8% DX [ T 7™ Gk g ) B A B R

T3 MERH S M Z A KR A O R
K, R 0.98, 3R W 7R 18 Ui Sl 2 A By K
KF. Q.. 5 H.R, M _.CFIC,, HSEA WEHLEME
(p<0.01), W] Q,, A2 Ui 5™ Ui % V0 i) T 22 52

E/
2

IS4
w

3.2 BRE-ER-BrXE
FIRE T T R DS B W R
3 HFRARBER.ERMADPTERRBEXRNER
Tab.3 Pearson correlation matrix among rainfall, runoff and suspended sediment transport related variables
P D 1 L3gmax Py Py Py Py H M, R, C Qax Crrax
P 1
D 0.561" 1
1 0.035 -0.459*° 1
Ly, 0.290* -0.252" 0.614" 1
Py -0.134 0.068 -0.159 -0.202 1
Py, -0.139 0.034 -0.100 -0.131 0.632* 1
Py, -0.147 0.025 -0.094 -0.079 0.428* 0.767° 1
P, -0.089 0.096 -0.151 -0.124 0.366° 0.655° 0.821° 1
H 0.479* 0.065 0.152  0.484* -0.059 0.006 0. 022 0. 062 1
M, 0.451* 0.071 0.123  0.488" -0.064 -0.015 -0.008 0.024 0.980" 1
R, 0.206 -0.086 0.221* 0.431* 0.006 0.176  0.241* 0.319* 0.791* 0.746" 1
Cc 0.116 -0.081 0.125 0.261* -0.100 -0.062 -0.027 0.069 0.212" 0.238* 0.282° 1
Qs 0.359* 0.042 0.145 0.528* -0.076 -0.024 -0.033 -0.014 0.878* 0.941* 0.682" 0.222° 1
Crax 0.192> -0.105 0.198" 0.312* -0.088 =-0.025 -0.015 0.064 0.287* 0.308" 0.323* (.898* 0.289*" 1
T a fll b 2B RIRAE p <0.01 JKFF p <0. 05 K B F K .
3.3 PBEWER ARER T, P E /MR KRGy TV LT,

HR A b3 B AR A v X R a0, v P A
Ly 2 38 3 5 WA B 1 5 30 00 3507 i U 1Y I TR R
fiE o PR, AR K Y R 206 R4 P AN L, iX TR
A BT R IEAE B0 sk 1 143 IRKET SR 200 4 4,
BP T %0 D02 T ZSANIV RIS TR (R 4) o £E 143 IR
BoKFE v, TR m A 112 )k, Bk
78.3% , BT TR R 2 365. 2 mm; 1T B R R L % A
4R, 7 FERT BB 2. 8% , BT FEFT i A 334. 3 mm;
I 24TV B R W 43 500 & 2B T 13 WOF1 14 3, BT I
TR 51 4 848. 8 mm £ 372. 8 mm,

Wif T AR AAE 28 {1 B e 17 I R Y — IR ALE o 4 AR

Ly P ME /DB YO T VIV I B, T
TR [ T A A PT LLOA DAy e A T /D (R TSR R DN A A
W0 23 T 14 e TR 25 I 5 T DU Sy e o e A L
R 588 JEE R i A AR AV 1 o T 8 o 2 5 I 28 o T
IV BYREE W 1) A2 AR AR D o 3l R A2 T 13 AT
14 ¢, AE B AT A B R R AR A sz, I 2R e T Ay o
DR I3 TR 5 B8 /0 ) o T 2 o L B, T IV 2 g 7
V28 I 5k /] 11 I B B8 A ) Ik T 17 P AL R
3.4 AEMEMERTRRMNE
W 7R 38 L SLE AN TR] W T 26 2R /9 B0 R R
LRI A R v i 143 itk B
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Tab.4 Statistical features of different rainfall regimes

W R - T bRl ER R -
L IR
K 1 % A¥ &/mm
P/mm 2.1 9.0 0.43 2365.2
I 112
Lgper/(mm+h ™) 8.5 5.0 0.59
P/mm 83.6 12.2  0.15 334.3
I
Lome/(mm+h™') 46.4 9.1  0.20
P/mm 65.3 15.8 0.24 848.8
1 o 13
Loma/(mm+h™") 10.2 6.6  0.64
P/mm 26.6 13.1 0.49 372.8
v o 14
Lpwe/(mm+h™") 38,9  11.2  0.29

M an e 2 iR B2 Bon T R 23| N &
BTN Y B B KL A F T 60.32% , {H U BT
T2 U A BT U T R B 43 o 37.80%
F133.05% ; I 89 SR I 1 o 50 A R o 7 B 91
IN AR 8.53% H R BT AR I B A BT S v Y
LU A9 AR L G A R T 2 LR K, 43 Ak B T 39.93%
1 43.46% ; T 5 AT P& RN 5 o 6 B T o 1) Lb 31 3k
) 21.65% , @3 & T BRIV A RN, (HH 2
e M BT v T L B 8.70% FI
7.98% ,

Hy B - X R R O O 2 O B R
VT 58 S5 % W 7 O A 0 R g o R LA Y
Wi o B2 IR AH DG 43 BT B 7R Lo, 5 8F T 78 V6 U0 38011
RFNQ,, SB35 MG, T BYFRRN (1Y Ly, i K, IV AR
Wz, I BRI R FERN A L., BN o AR FER 2
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Fig.2 Percentage of accumulated precipitation, runoff and

suspended sediment yield under different rainfall regimes

AR INIEL 3 B, [ v B A [ e W I T 2 R 2 )
fEgit B2 i 3% (p <0.05,ANOVA) , [ 3a 3%
WY 4 Fob A Y o T 2% 18 T P B 42 0 AR B /N 31 R AR
NI TV I, T B K A A i R S I
e R R E MRS HRES T RAIN 2
# A B EPEE R (p <0.05) o FRU RERA T
UL T 7 U RE T, AL 1] 3 SR WA AN [v] e 7 26 Y
B TRV TR 7 U RE A ] b IR R 2
PR O™ U RE ) oK, S ¥ AR I R Rk ) 0. 135
VRN 26 0F Tz, 2 0.0425 1 %A I 2 6 7 4%
P U 38 I RE 1 AR G, P 3 AR R RO B
0.019 F1 0. 013, A [w] 4 R 2 AU 428 0t i gl 2 A
T, 1 & 3b R, T RS IR R R AR R R Uk
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Fig.3 Main characteristics of flood events under different rainfall regimes
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W T UL K S 3 R 8. 0% ) Al 1 3 ( i T 789 &g i it
IKFAE R 7. 7% ) koK =5 1 i 3k i 3 & 48 1
0.5 m’/s, 1 A ANIV A& WY 4% 08 T 3k 0 30 ik b o
0.5 m’/sHy P KPR 500 3 3 (4 T2 % W 8t K
FAHKI 75. 0% ) A1 6 375 (i IV BB Y ik K 54
ik 42.9% )

11 AR R LK S R v s 1 AL I3 A
VATES T FRHARFEEER (p <0.05),HE
I AL MARANIV 8 22 (8 B 2% M 22 55 (18] 3¢) o
1 11 B BT 451, B 2R 00 Ik ol i 0 e ) Je ok, o1
Kb ROBGR B 4 261,23 t/km®; T #8011 #0501 IV #
R 2 10 R It e 0 e D B R/ H 2 RN B 3
- 249 i U0 BB AT kB 5 500 vkm® Ykt Kk 34
S35 b R RAE T B U R D R OR
18 3d KRB 4 BB A5 T WO K S 1
TSR 2E S AN R W SRR R K v O
RILA BEE W,

3.5 KEIRFEXFTME DM

B AP RERT SR 25 R T 2 BT S AR
A HE AR F A HEAT XS LU A3 AT (R 5) o 4 FhBEIZE AT
BT R TR S Y B T AR I R VR R

I RYRETR 25 F T 1Y 2 S I HE K 4 430 & AR AE
i Bh BRI (1990 — 08 —27) FiG # f5 151 (2007 —
07 —04) ., 2007 — 07 — 04 YK F M P H Ly, 5
1990 — 08 — 27 kK F5 {4 bb 22 S AN 2, i H. Py,
BLR T 1990 — 8 — 27 kK FH 4, {H 2 AH b 1990 -
08 — 27 Ytk = {4,2007 — 07 — 04 YLK F 19 H F
M4y 3N T 0.425 mm F1 92,4 t/km® R, M 0. 026
FEAKE) 0. 000 86,117 H. Q,,,, Fl €, X} 0.004 4 m’/s

61 kg/rr13o

11 Y R 250 T 19 2 S Uk K = 43 ol & AE A
Ui AR BT YT (1990 — 06 —29) FlA BHS ] (2007 —
08 —08), 2007 —08 — 08 kK FH {41 P F1 L, HF 5
KT 1990 —6 —29 Yok F ¢k, i H P, , 2% %A 8% .
H A % 1990 — 06 — 29 #E /K FH {4 ,2007 — 08 — 08
WK F R 0 M oy 5 T 09.30 mm A
2809.2 t/km*, R, M 0.21 F&AK F] 0.082, Q,. M
5.19 m*/s FEAGE] 2.68 m'/s, (H & C 2L A 8%,
C,.. KF 1990 — 06 — 29 kK 4, k5] 539 kg/m’,

WA AR A5 4T 19 2 55 U K =R 3 03l e A A
T 6 B ] (2000 — 10 — 10) Fy6 B 51 (2006 —
08 —27) , 2006 — 08 —27 K HF {1 P 1, F1 P,
552000 — 10 — 10 #EK 544 1 22 5 A8 i % ,2006 —
08 —27 Ytk S/ H F1 M 43 5108/ T 1. 74 mm Al
759.9 t/km®, R, A 0.036 [k #] 0.004, Q.. t M
0.33 m’/s [EAKF) 0.03 m’/s, C 1 C,, #B% B E /N
T2000 — 10 — 10 PR FF,

IV AYRE T 264 T 19 2 S UK S04 53 3l ke A= A
iR Y] (2001 — 07 — 24) FA #1551 (2006 —
05 -04), 2006 —05 — 04 HtKFH 1) P A L, #FE
KF 2001 —07 —24 PhkFE M, H P, &5k 0, HE
H.M_ R Q, #YEE/NTF 2001 —07 —24 k=
Fo LR 2001 —07 — 24 3K F 41,2006 — 05 — 04
MK = H M M4 B0 N T 2,69 mm Al
618.6 t/km”, R, )\ 0. 11 [& K %] 0.005, Q.. 11 M
4.51 m*/s FEAK5 0. 061 m*/s fHJE C 1 C, K
T 2001 —07 — 24 PAKFH,

RS TEEMERTAEMKEGILSH

Tab.5 Comparison of typical flood events under different rainfall regimes

rs%%rﬁ . P/ 1 Lows/  Pyu/ H/ M./ N c/ Ou/ Con/
K mm (mmeh) (mmehT')  mm mm (ekm ) (kgrm™) (m*-s™") (kgem™)
1990 — 08 — 27 16.7 1.9 6.7 33.0 0. 44 93.2 0.026 214 0.038 274
! 2007 —07 - 04 17.3 1.5 5.9 45.0 0.015 0.8 0. 000 86 51 0. 004 61
1990 — 06 — 29 80.4 10.0 37.1 19.7 16. 61 4882. 1 0.21 294 5.19 429
f 2007 —08 —08 88.7 15.2 43.2 17.8 7.31 2072.9 0.082 284 2.68 539
2000 -10-10 54.6 3.9 6.2 24.3 1.97 789.7 0.036 401 0.33 474
i 2006 —08 —27 58.7 3.8 7.5 18.8 0.23 29.8 0. 004 127 0.03 200
2001 =07 - 24 26. 8 10. 3 29.7 0 2.83 656.2 0.11 232 4.51 415
v 2006 — 05 - 04 28.7 9.5 35.6 0 0.14 37.6 0. 005 262 0. 061 576

T FF 1987—2010 441143 9 3 ANIHH0) - v HAT ] (1987—1994 4F) 1 Bl 18] (1995—2002 4 ) F1YA B /5 3] (2003—2010 4F ) .

LR L TIR K b PR H5 5 i BOM AR 2R T8 3
A AU AR T R R 6 B AR T A R
SR 7 AL R i L T Y T AR
TR PR FF R IK ARV B o 3 BT YA

T HEL R SO0 P AR B e 9 T 9 ) A i AR
1R R T AR R A 1985—2006 4 U1 [A] (1Y
ARCH TR AR L ) B S O A AR B A TR
FJZ LA Wy PEAL A MR SCPE LA KA IE |, 1%
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SR A A e i — AR K R R T AR
T ik 8 R A B RE . T LR BB R
(9395 002 422 AR AR T, 0 A T o, T DK 20 g T 2
oy BT AR W AE 2006 4F XA T 19
T Ml 300, 98 b LS 5 A R U8 Vb T R WS X R e i T
4R 2 o B G I Ut K S R AR A 2R R gt e
i T A, R I AR A T R T B
WAL, U SR 5 G 0 7 3 7 % G 0 ook 4t 04 1)
3 BTG G, W T UK AR R A R YA B
1 R0 T % 6 T 450 F Wb K SR C 3800,
FEW T 20 T 250 8 T 4% T Wk K S v sk i
BT IO i, 78 0 B 0 B YR V0 R 55 T 7 A
IV R B T 45 Ttk i C A Rk BE L,
FEW T 7 T 5D A T 4% T R T K S A Ak
B K 0 35 AR ) L 72 00 A 76 B U 10 SR 15

A TR AR 9L S T P T S 4 i 2K R
P TR VR AR /N SR IR R 25 IR, KRR
R 58 AU /D 5 TR, KR A /N 5 5 IV B, /i
K6

(2) A [ i T 28 20 26 1 A7 3 AR 9 14 77 3 B 0
FRAEAST] o I L P T Yk K 4 4 77 3t BE ) it
W gt et e R, IV AR 22, T ALFN I A dge /N 5 1 AR B 7
TRk FAER R R L, TR BRIV 2 [ 7
PR F R R E R AR RN
F8 77 L B D 0 B o8 AL e O A v B A L B A
K, AR 3] T 39.93% F1 43.46%

(3) K A4 255 10 P8 5 AR 1A T R 1A IR
SR PR I TR 7 3 R 0 R R U AT R i D ek
H I R R T Ut 7K 2 1 14 K i R YD R e % .
T ZR0 R I 7 3 W 2% A T Bt A = 1 ) i V0 3 4 R T

WK 4, T BB K AR 7 3 5 b R D

pE
‘R I 5V 50 5 T Ve A 44 00 e A7
(1) P Ly, Je R WAE TR W vy RAEREEA.
2 £ x #
U ET7. W X RS LI R RIS [T]. K AR 3558 4, 1983,3(4) 7 - 13.
Wang Wanzhong. Study on the relations between rainfall characteristics and loss of soil in loess region [ J]. Bulletin of Soil and
Water Conservation, 1983,3(4) :7 —13. (in Chinese)
2 Bi H X, Liu B, WuJ, et al. Effects of precipitation and landuse on runoff during the past 50 years in a typical watershed in the
loess plateau, China [ J]. International Journal of Sediment Research, 2009, 24(3) ;352 - 364.
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Effect of Rainstorm Patterns and Soil Erosion Control Practices on
Soil and Water Loss in Small Watershed on Loess Plateau

Yan Qinghong'  Yuan Cuiping’ Lei Tingwu' Lei Qixiang’ Zhang Manliang’ Su Guangxu’
(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China
2. Beijing Grandtopeak Tianpinghang Land Plan and Design Co. , Lid. , Beijing 100873, China

3. Tianshui Soil and Water Conservation Station, Yellow River Conservation Commission, Tianshui 741000, China)

Abstract: Runoff and sediment data from 1987 to 2010, 143 flood events of Qiaozi East watershed ( QE)
on the loess plateau were used to investigate the relationships among rainfall, runoff and suspended
sediments. K-means clustering of different rainstorm patterns was used to differentiate watershed runoff
and sedimentation features and to quantify the impacts of erosion control practices on runoff and sediment
production. The results indicated that the precipitation ( P) and the maximal 30 minutes rainfall intensity
(L. ) were the most relevant factors to runoff and sediment responses. The rainfall events were divided
into four rainstorm patterns, as Pattern 1 (low P and low I, ), Pattern II (high P and high I,,,. ),
Pattern I (high P and low I,,,, ) and Pattern IV (low P and high I,,,.. ). The runoff generated by the
storms, in term of peak discharges from low to high were in the order of Pattern [ storms, Pattern [V,
Pattern Il and Pattern [ . Pattern II , though the fewest in occurrences, produced the most sediments
while Pattern IV, Pattern I and Pattern [ storms produced limited sediments with no significant
differences. The soil and water conservation practices significantly reduced runoff and sediment of the
watershed, especially for the highest sediment production events of Pattern I .

Key words: Loess plateau Small watershed Soil and water loss Rainstorm pattern  Soil and water

conservation



