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20.56% ~47.81%, BT R A KT E/D. SFBHA L, Mt ZIRA BB FE R, KR 0~20
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YIAMBHERYNEEN 8 5, MM ER B~ YR LRI FMD T 87.6%M 99.4%, 58
T /MK £ 4 (1988 ~2000) MR F B (535 9 87.0% 1 99.9 % ) #HiE.
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Generation mechanism of woodland runoff and sediment on Loess Plateau under hypo-rainfall-—A case study of
artificial P. tabulaeformis and secondary natural P.dadidiana stands. PAN Chengzhong'' %3, SHANGGUAN
Zhouping! (! State Key Laboratory of Soil Erosion and Dryland Farming on Loess Plateau, Institute of Soil and
Water Conservation, Chinese Acadenty of Sciences, Yangling 712100, China ;2 Key Laboratory of Soil and Wa-
ter Conservation and Desertification Combating, Education Ministry, Beijing Forestry University, Beijing,
100083, China ;° Graduate School of Chinese Academy of Sciences, Beijing, 100039, China).-Chin.J. Appl.

Ecol . ,2005,16(9) 1597~ 1602.

Based on the long-term observation and from the viewpoints of water balance and runoff-and sediment genera-

tion, this paper studied the generation processes of runoff and sediment on two typical woodlands, artificial P.
tabulaeformis and secondary natural P. dadidiana, and uncultivated slope-land in Loess Plateau under hypo-
rainfall. The results showed that within the range of 5.0 ~50.0 mm rainfall, the total interception of canopy and
litter was 15.45% ~56.80% for P. tabulaeformis and 20.56% ~ 47.81% for P. dadidiana, and decreased
with increasing rainfall. Woodlands had a higher soil water infiltration capacity than uncultivated slope-land, espe-
cially in 0~20 cm soil layer. Both the two woodlands did not generate runoff under regular rainfall. Under the as-

sumed rainfall of 2.5 mm-min intensity and 30 min duration, P . dadidiana stand did not produce runoff, but

the runoff velocity and sediment-carrying capacity of uncultivated slope-land were 23.5 times, and runoff shearing

stress and energy were 8 times as much as P. tabulaeformis stand. The runoff-and sediment generation on P.

tabulaeformis stand decreased by 87.6% and 99.4 %, respectively, compared with those on uncultivated slope-

land, which was well accorded with the average observed value in runoff plots during 1988 ~2000. The theoreti-

cal analysis on the generation mechanism of woodland runoff and sediment may be effective to evaluate the bene-

fits of forest in soil and water conservation.

Key words Soil and water conservation, Runoff-and sediment generation, Forest stand, Loess Plateau.
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2.1 BIREEAR

HNFRMK RSB ERE S ) BBk, it
BRI FRZ(35°39'N, 110°06'E) . i SR A K L R RE
B, #EK 860~1 200 m, ¥ 20°~25°. FHIKE| 9.7 C, >
0 CHIR 4010.8 C,=10 THHEE 3 529.4 C, EEM
180 d. FHIREK R 574 mm, HH 7~9 AREM & ERE KR
60% A L. PRk BEATAERR IR K, FKER KBKREA
843.5 mm M KER/MEKRS 408.4 mm. BEH 1~3 K
SR KHR(Z1.0 mm min D KRR HI, A EEHN
B K. FEHKEELZR 1 543 mm, Y FERKE
26 . LRABOAENRL, KT ELBEZEGTNESE N
1.36% . LB PR+, EMRER, THHE 2.635,
REZE 1.1 gem *EG MTRELRARES, LHEA
BE R WA RGO B R AR AR B

LR B N TN (Pinus tabulaeformis) 338 &t
A, 20 42 60 R FIAEE, &3 3 RIEF %, BATEE
72000 # - hm "2, FHHE 11~ 13 m, R 11~ 13 cm, 8
HE 0.7~0.8. % T #MAH M TF ( Elacagnus umbellata )
B FIBU(Rosa zanthina ) JB K B4 (Lonicera ferdinandii )%,
BEXEYAH R Y E E (Carex lanceolata ). B ¥ &
(Artemisia gmelini )%, B EHTE 30% ; MM A T HE 2~
3 cm, EFRH 16.0 t*hm 2.

XL &5 L 3B K Populus davidiana )J& F &M, R RK
A A, A F IS, ZE N 2 100 B -hm %, £

PE 10~12 m, B2 11~13 cm, HEHE 0.7~0.8. AR T HH
5 AT A sktg il Mttt 2~3 om, RN 6.6
~8.8 t-hm 2. FEM A BF BB M, A EATE R,
2.2 WEFE

F ECE BT E AR SMRE R, FEAR PR B A KGE P Ak
53385 R E AR RE TR, T EARE R A A MR
BRAEREMANOLR—KEY M, K EBEM M FR
RAE 7 v ; FARHE R /DX (20 m X 5 m) W il 75 F pk it
Cith i SR Waa A

3 SBR59H

3.1 FRABRSH
3.1 HEKEPE B, KTRKE S
VMEBREY, FRIMA N UBRRMNE T T
MK K KBRS E KB FE T RN

P = E+ R + f(5tHh) (1)

P=E+R+ I +1I+ I+ f(3k#h) (2)
XA, P ARKKEE HEBE; R VRKEE, BT
Bt FHE+tERE, XEFERMERTE; I
HEEBER; [ AR EBEE; I, AT
HE; f WABRE.

MFRKEWMS, ZWE(E) B/, TEEAR
H. X R (1) FX(2) TTRUE W, ARHbpEK 5 BB
BEMNEI, BN T 572 BT LR 9 E X
BKMBERS WTERER I, —REB/D, TR
At L M SR EBEEZRETEE M
EHERE, URTEBEHENTHE.
3.1.2 B E  WREP] WAk ER g
B RE R T B S K T G 0, TR PR R
B ATR/DNGE LD, RBTHEBRERHENTF
FEUO) ZETR B T BTG P, WARARAT A T
MU EETERERERE /D, BE 6.7% ~
28.7% Z [8] 254k, HLY¥IFH RE T B KT/ (K 1).

REE |, KRR [ = oP™ MRS SR
BHEL(%) #HTHE:

I, = 266.52p~0-76!

I, = 101.71Pp~%%7

R? = 0.9895(il k)
R? = 0.8656( LLg#k)

(3)
He, [, hEBEE,P IRWER. SRE, HER
EFKF, HAEREE -EHE N TETIHE, B
FE AR AT DL AT A
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Table 1 Total interception rate of two woodlands under different single
rainfall

BHEE HAXE  KERER HEEHERER Bt
Rainfall Stand Canopy Litter interception Total
(mm) type interception (%) (%)
(%)
5.0~10.0 I 28.10 28.70 56.80
I 21.31 26.50 47.81
10.1~20.0 I 18.82 17.40 36.22
I 14.47 11.30 25.77
20.1~30.0 I 11.47 10.00 21.47
I 12.00 11.73 23.73
30.1~40.0 I 9.65 7.60 17.25
I 12.78 9.80 22.58
40.1~50.0 I 8.75 6.70 15.45
I 12.00 8.56 20.56

T .M P. tabulaeformis; [ . \WHIK P. dadidiana .

3.1.3 ARHuIESR L IEBmERE BR 2 TR, WK
s WA AR TR R NS RB YL B R
BRI R REMR. LS tENRBEANSRE
0.2~0.65 mm-*min~'2Z [B] Ak, Ttk + & &
B EERE, FHIRELBEREMRERE, X
T EFE MR B L IEMED N BIRANRE
THEEH FEHFREIEE LELEABXA
BAEY) 45AH# 0~ 10 cm M1 10~20 cm
BHREBEESFE 8.15 M 5.11 mm- min~!, i 7
it & 0.50 1 0.65 mm min~!. X5 EF R
U R AL

£ HHUSRLBETEALEL BABMERE
Table 2 Infiltration properties of different soil depth on woodlands and
uncultivated slopeland

o} =3 F B XK Steady infiltration rate(mm- min~')
Soil depth

(em) A B C
0~10 8.82 7.42 0.50
10~20 7.70 1.81 0.65
20~40 2.70 1.10 0.45
40~ 60 0.75 0.63 0.30
60~ 80 0.38 0.53 0.25
80~ 100 0.25 0.37 0.20

A: i P. dadidiana stand; B: A LMRHKH P. tabulaeformis
stand; C: Fe 3% Uncultivated slopeland. T The same below.

0~60 cm T E itg ki iy T BB R RA
BEM AT ALMMAMAK. X EERH T ILHA
ARRWEMN, KWW E D 5 L R iE 3
Ak T N T AR S BB 2 7L, 38
#3 RBERERG TR LT~ RS

Table 3 Runoff processes of different slopelands under single rainfall

KT LB B EIERE.
3AA4FEARSE HE2 TH, KT HEWMR
Iom < BREBRBE fg., WAHEBRW™ 4. HX
T TELE, 4 ILeg > f;, ABXHE, AW
R TR LWEEYE, LK
RS, BEXERBRRERER, e AR
ERT, VLM —E T ERETE B & W™

Big s X Y5 T, BRIt KR
KEFMHTRITH:

h=ht(8—8,) (4)
K, h HRAKE (mm);hy I EEE (mm);6,
HEBmEKE; 0, AWET L ESKE, HF 6,
o, IMEREKRFRR, KEB(, - 6,)~0.3.

EETEFRHX, KT HREERHILGRET
R, M5 LR B ARRE L EH A BERE,
TE S 25 [8 3 BE F  S 468 R T BT N B 19 B ) LA R R
WA EX RGN T, 20 A ESRE = 2.
LT RTHIR [ > f(Fj BELEOAEE) H

E TR Py > O h, B, A SAH B, Wt

TR (T) 5. T = z(;—)ﬁnp T

Bk AT A B K R (mm); £, B i B+

MABE(mm  min™1);; Hleg > f HLE.
BWBE(R) :hj = Imcosld — f;, Horr 0 AEKE.

BHR(Q) E (P~ Doh) > ho,
m
Q = —L(I - i)
Z,:[f w— f }
F(Pp — 25k < by W
f
Pp - Zhi
Q = ——7;—‘— (I — f})
SrHTEREH, BY{E 7 FETR P7RT A 30 min, £ 1.0~
2.0 mm-* min ' FHRE LT, K3 H B T2 %>

£ HEITUESH, EHEWEAN 2.5 mm min~?
M P BL30min& 4T, WA R =5, Tl A A

Y PR EREXR e As | F 56 7= g E] BHRH 2R BREAEY

Land type Total interception  Net rainfall density Initial runoff Flow depth Runoff Runoff
(mm-min~ ') time(min) (mm) (mm) coefficient

A 15.42 2.11 - 0 0 0

B 9.97 2.25 13.33 0.44 7.42 0.099

C 0 2.50 0 2.00 60.00 0.800

WEREFI S E R ®Y 2.5 mm-min~ 'BEFT 78 30 min Rainfall intensity on slopeland is 2.5 mm-*min~! within 30 min.
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FELORBRR,THREERLUGAMEMREN L
W15 5H R B Bk . e Hb FE R TR S SR =00, T T AA AR
Hb R I L 7 A BT R HE IR 13 min. S ARG, T
W ZEHERL 87.6%. XERBRK/PRZHE
(1988 ~2000) X i “F- {5 (87.0 % ) &L .

3.2 FYARsw

321 RAWNYAERKHEE BREEFKEZEI
SR HIEEME AR MR, B RE
+ 3, BWIR RS SR N, ATTARRREE
SRR Pl B, R K KRV R

T = ¥YRJ (5)
KA, AYVIRS1;y AKWMIEE ;R AKI¥RE, —
BB hsT KoK TR, FEBE R KB, — AR B
KR TREH R E.

TEEMBTHREERETERN, BAEHA L
H R R AR E A 00,

E = sz,sinze _— (6)

X, E AW HARERAGER; L AWHEK; p, AK
BIZEE py = [ (g = e, Jit Ly 0T 1
BB p WK g MMM ESNERE 0 HH
BE.
322 RBE=Y NEYEIN HEFEHS W, KR
MEDHER EFEQE KRR ZER. B
TFTRAFMBULBERFRELHFTERERZER
B, XEFEZEEHEYVHRERED .

WRERYZ 3 %, B ZESESREF
FRIEH, B voc 42, MW HER SHREZH=
RITRIEW, B REBNRYVHPRERSE D
TLE M 7SI R B, BT

M = Co® (7)
XF, M ABREBHEYVEER,C VRERE;v A
BRENFE. T REERSEBDH B EEREE
ENEX.

IR ST Chézy 22 F Manning A3, :

{'U = C «/E]

C = _1_R1/6 (8)
n

HAF, C HEA ZH; n HHBEEREG R AKIER,
—EEOKEE b ] RAKIIHE.
B (8) A8
v = 711_]1/2h2/3 9)
HATSR®E R KRR TEARXN

s = k(gz—;)m (10)
P, s ARWHRDEKE: h N RHE: v ARAR
;g AMHWE S IERE; w NV HITREEE;
k, m RHRAESE I TR BT E M 2R R E

B (10) FTUAE &, BRI RV 5 0E.
KESHX HH TRZEMHEBRE/ DK ED T
B BT R R FE—E . FEIR
M AE A TE R SRR, T RAMTRR#
wikEARD,
. R332 (an

nw

Heb, e A RE.ARQD) R, E—EHRET, 8T
FRORAE B 1 S IR S0 K, KR/, BETT 42 I 3 v
REATREMR . LB (9) A (1) R, P A1 5HE
R IE ) 56 2
323 WHEYNE RBRESVWS5HTHEREE VA
X, MAEFEERMRBTKEMERZETRE,
HIL SRR THATIBKMEERER
X 2026) B R RS L ME B W, R
] -+ R 2K R A B RS A AR Skt &)
ORI e XF A T AR L A BE R R AT T BF
K, KPR EEDRERE R T W, HIEEX
HEmmEREELRTESE, HFELTHEN
*E:

n = 0.2143G%33 (M)

n = 0.1073G* "2 (45 #)
Kb, n AERY; G IHEDTE(g-em™?).

BT AR R Z M MR EE L E
BUEHENBESZHE R EW, LAtk EY
WER SRR Z EME. T 4% 5 bk HURE 32 49 7
R .

X FRIPBEIFHRENR, HEWREESKS 5
EREAE—-EXHR, THTR:

Su

(12)

n, =

% (13)
He, n, HRHERER, n, IHEBEWREER, p %
YIET DR EN TERE.

Xt F & B W R SR A — M A TAS T
EfRLE B RARAK, H B AN B & X AR AL 75 4 0 5
Me, AT XS R A FTERE fE— M, B

n, =k + n (14)
HP, bk ABRMTEYE IS, AR H e 50 X H T s %
I TTER, A —H .
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Table 4 Characteristics of runoff and sediment on different slopelands under single rainfall

WEEA ¥ & BRR W LIR%I i BUHEER R EsE ;3

Land type Roughness Flow depth Velocity Shearing stress Runoff energy Sediment particle Sediment—c.arrying
coefficeint (mm) (m-s™ 1) (N-m™?) (J-m7?) weight capacity

A 0.1945 0 0 0 0 0 0

B 0.1505 0.229 0.017 1.07 284.20 2.40E-11C 7.92E-03k

C 0.0250 1.766 0.399 8.23 2298.13 4.04E-03C 1.86E-01k

WHEFBRA Y 2.5 mm-min~ ' F AL 30 min  Rainfall density is 2.5 mm-min ™! with 30 min; C & 338% Z¥ C and £ are constant coeffi-

cients.

RIBEFIMEZE, XA R AKX (14), B
B E=0.05, W B2 (12) M3 (14) W] 5 2 P Fh AR 41
HEREE FFILHRERUK ¥ PR E R TEY
+EMIEFEREZE 0.025. 9 HrBEF B84 30 min T
MK 2.5 mm min ' 4T, REHE R R/
ROEE =25, K =20 m) =Y HFEERE 4.
SE R, ARHORE SR KT IR LS, WA AR A R
M RFCHA 7.7 65 Fe i Sy T A R W Y
RE R A TR 23.5 %, WLk T2 5
R4, NTERIE BARFRK LM ThEE. Mliadhib
MR Y I MBERERY bR e s AR,

T B R B BB W B E M AR 2 x
108 15, AT EMEM B Y EREE HM 550 5. ®
X FARHZ SR Y R RMB/N, NAEB R Y
ERBREVD IRV SRAATH . T iR R BTk
BRI 23.5 . I BRRESRRRYPERE
A&, A K P D R LR R T 99.4% .
X5 2R /NX £ 4 (1988 ~ 2000) WL il - 4 (B 23,
PRI = R SR T 99.9% .

4 i1

M At R A BB LA AR % E
REMHREENR T HERR, MERARIU R
MR RERT AR MM R REER, 5
HEH T HRER YA, N LR RN EAR R
KEWTEE. RERREHEEEE KWK R FK
B EREMSGZ EFEZER, BELE 30 min K
FIIRN 2.5 mm-min 'S4 TF, Wik TR IR
Y=g, T g S BEREY. BrRmEstSiE
BREG X AT A TR REEE, £
7% 1.26 71 1.91 mm-min~ ' BEFI Bt 30 min 1§15
T BB 200K MM N TR, 4T
RIAF] 2.37 mm min~ !, WHEH A G LB,

ZEMMEH, KMBRPDREHERTREE
R LB =4, Tt E R R 3
BHRETRILGRER 2 @%, KERREATF 10
mm BB FH 3R KT 0.1 mm - min ™ U4k 3

HRmEAD, SER SN FERAER XEE
Rl TMABERE>EIBRZEAR, U RBE
B AT S K B R mE REm, 2T
BreERERR~YEERKE TILEEW, Hit
S AT 5 s PR HUAH XS T S L K R DR 5 S 4
048 35 A — B ) X W TR A T MR 3 T ¢ 2
TP AL X R K LR R R A — R
MIESFEL ERLEFBX, KRR WIELRA
T LA B EF R R R e 1820290 SR T H A
16 Y] T B A TR Y (R0 80 X 398 T o FRT ) 4 BC i PR
TRETR, RN AR EER R EREE
A R, U R IEXM LA SRR S RY
Rma S X B R HE T R B AR ML BE T 7 R AR 1R 55 3

BE SRRy EA BT, FRAKE T K
SERERYANERRAESTEM EEZRHE. X
THREMS, H TREFIRAEGRE  THREE.
Wi, LRERZHER W, AR DY ELE
MR AE . TR K L R R M B AT,
R F— MR W R P SR, A RRE
(I FEBE R A, R T M SRR B A 25K
SCEABK 2R PR L BT R M AR T AR, [
B D93 £ 5 I K AR AR B R B R 4R T iR K
.
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