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mm F1 786 mm B & T, 5 RABATHA(1982~ 1989 45 )4 B WA~ 85 326 + F1 52 937 t, FR/K B, HEP K
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Response of sediment production to land-use change in Luergou watershed of Loess Plateau. ZHANG Zhigiang!,
WANG Shengping!, SUN Ge?, ZHANG Manliang®, LI Jianlao® (1 Key Laboratory of Soil and Water Conserva-
tion and Desertification Combating of Education Ministry, Beijing Forestry University, Beijing 100083, Chi-
na ;? Southern Global Change Program, USDA Forest Service, Raleigh, NC 27606, USA ;® Tianshui Soil and
Water Conservation Experimental Station, Yellow River Water Resources Commission of Water Resources Min-
istry, Tianshui 741000, China).-Chin.J.Appl. Ecol .,2005,16(9) :1607~1612.

The study on the effects of different land use patterns on the sediment production in Luergou watershed of Loess
Plateau indicated that in comparing with 1982, the areas of forest and grass and of terrace in 1989 increased by
5% and 2.09%, respectively, while that of slope plowland decreased by 1.5% , with the area of naked land and
shrubbery respectively increased and decreased a little. During 1998 ~ 2000, with the increase of vegetation cover
and the decrease of steep slope plowland, the sediment production reduced significantly under high precipitation,
85 326 and 52 937 t under the precipitation of 803 and 786 mm, respectively, and not distinguishable in dry
years. The reduction effect had a strong seasonality, which consisted with rainfall distribution. For example, in a

month with 50 mm precipitation, the mean daily sediment concentration was reduced by 6 kg m™
month with 100 mm precipitation, the reduction was 12 kg*m~

3 while in a
3 Rainfall intensity also played an important role

in soil erosion and sediment production, regardless of land use conditions.

Key words Land use change, Sediment production, Loss Plateau.
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VAR o SE A [B] B S0 ) T LB, RS AR T AN
3t L / b B X SR Ut R, B A A R
R I ERT LA R/ e g SRR
=R R, B4 T A AR B
RS B B AR KA.

2 MRBXEHRFE

2.1 WRERELER

5 L T H A KK W B X8 (105°43°E, 34°34'N),
RBAERFERNLRA—RZN. FEt ALK, mxt
R 532 m, WBER 12.01 km?, H P HE & 80.7%, K
S 5 ~20%A, A 2.33 km?, 5 19.3% . LA EH
BN EEE 3.8 km-km , MERME, R AR RE
BWMARBGHE, EHREOZLLAVPHEE, THEAHR
FOARRBREOR SO ZRLGYHE, FKRHEL
B, BMUEH AT LELLREL T EHERSE GHAF
—, ETHEmER PO EAR L RBEHBRE =B X #5E
BRE. RMETHEK 574.1 mm, EEFEE K, ER A
AH,5~10 AGREKES £FEFKEH 83.3%, FHBH
B30 260 m* - km ™2, FEHRMBEL 2 577.4 ¢ km ™2 H
ERrkmEgS, MERE THESERE, FERIEWE /D
% (Triticum aestivum ). E K (Zea mays). ¥ ¥ (Solanum
tuberosum ) B, TTIRAEMRAK, MATIKE K Pk, EFEHKS
A F B (Robinia pseudoaeacio) T8 ¥ ( Pinus tabulaeformis)
%. AN, 5 A A WU (Prunus armeniaca )« ¥ ¥k (Juglans
regia) FRHFR; HEEERHYW EERH O E (Pennisetum
flaccidum ), ¥ & B (Roegneria kanoji). B B (Elymus
dahuricus) &2 (Pedicularis) %, B IEHHERTR.
2.2 BRRITH®
221 JEREELE HERETEANKAZRAHR
RIKK L REF AL 4 HERBA L P T HA I RERER
Wk, R O RERH RS, R RA SL1 BRI
LA, — R H P B I AR, 5~ 10 A 1y $z g B i W8 i 5 i 3
BOABAWE , BRTERWEMNREARSTIZ, HE
8T, P/KeT R AR R, AR R BCR A 0.85, T
FRRIRK R, BRI AR . pRKe R AR FR B, 47
KA 0.65, FCK AL, 1 48 HE w07 ) b7 I 6 S HE UK OK
B RHEE. X 8:00 #2000 XA 2 %K, K HIMK 118
EK, X 5~10 K. W HHERLAK(). WL T
KAEDHY BEAR BERSVR—BREHSTHM, BiL
P VRIR F K 1 — B BORE, & R BUHR S MR B
FHE, RABESRE RS I, 258 3X(2), Wil et
Rt ZH PR B RZE B FY SV RRAERTHE
T8, WB B BE R % s AR A B B T TR SR A E R B A
5.

Q=aXFxV (1)
AP, QARE(n®-s7); VARE(m - s7); F AT R T
HR(m?) ;e IR RS

W, = — 2)

rs = Ty

(W, — W3)
B r, =2.65r, =1.0,18F

W, = 1.6 X (W, — W3) (3)

S = % X 1000 (4)

R, W, ABHREEKE (g); W, A5 R RERKF
KERRE(g); W, HEWE(g); 7, r, S B A VKK E
BH; VARG ER(mD), S AE VR (kg m ™).
2.2.2 LA RS HEIRHE A 20 HE 80 FERLUIATE
BTKRKIBEHEIE OERUETFRT KXEDSIE
LM . 1989 4E & 2000 4E A7t 18+ A Bl R & L B AF
b, B, LA 1982 4E50 1989 4 # L ) Al Yk 0 4R 48 42
A B B #4740 A, B 1982 ~ 1988 5 A3, 1989 ~ 2000
HEM B TEHALHAAIEBEEAN, RASK—2 83
RERF R4 A R R EAH B R BB
#OERSHMEEE.

3 SBR5HH

B R A A A b
EIXMHETEZWREFH LA AEEL. 5
B b R P AR o T PR E BT, A
Bibkh A RE S A M T 0.96%.1.9%-
0.4%F1 0.4%, AR T 45 LB/, B
BT o S R B B K A P B S e R R B
o I K E R, 5 ABETEA S B A 1.52%,
TR EIEMT 2.09% ; BAMEFEIRAIK LR FF
ik, BREHBATEAE r i, BERFS BHRE
N, X IR T 0 g e PR D R Y
MU EHGEHE G EVIAER, R2HEHEW, T i
PR S G L, LR LR R A
b, R s T TR 9 38 D03 R ol 7 v 9 B el 5 BE S
B B OARE], B, 32 i A s R & R
PR S E R (E D). EREE L
Hu A R H L BB Hb o WU R4 SR 23.65%
1 22.24 % , T B S 7 B0 1 b R B B9 A Hb L Bk B b JL
FHMNFELERER SE RN EREFEmEE
SR4Ip) b, Horb 25 YRR SR 5 R TE A
SRR 3.41%F 3.54% , 5 KRR R S5 H 28
b, RER LEANAEZW, fis A L EE R Y
B R R VIR . i F A A A,
FERIECRTIARR L SRR 6%, H EEEF
E 15~ 25" XB A, B TFR/IRE =Y. £+HE
R #HEFREENE. 7 G, B RIERL A=A
M, R EEA TR A R 3R AW A 7R A T
b, E R R & B AR

3.1
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Table 1 Comparison of land use between two periods in Luergou watershed (total area:12.01 km?)
T F A AAK  RHE L ) i BRAH b5 By i) HHH
Land use period Shrub Orchard  Grassland Bare soil  Habitation occupation ~ Sloping farmland Sparse wood ~ Terrace  Forested land
1982~1988 TR Area(km®) 0.200  0.174 2.921 0.029 1.096 2.811 .329 1.51 2.879
o A3, Percent of area( %) 1.66 1.45 24.32 0.24 9.12 23.41 2.74 13.09 2.97
1989~2000 A Arealken®) 0.126  0.222 3.405 0.042 0.212 2.629 0.557 1.823 2.993
d5 3%, Percent of area( %) 1.05 1.85 28.35 0.35 1.77 21.89 4.64 15.18 24.92
A4k Change( %) -0.61  +0.40  +4.03 +0.11 -1.35 -1.52 +1.90 +2.09 +0.96

25

1982
~.+© 1989

o FE B AR
Percent area (%)

0 L 1
5 10 15 20 25
B 1 Slope(® )

B SZHREFAENIE AR RE S AR IR

Fig. 1 Cumulative percent area of bare soil together with sloping farm-
land.

3.2 THFAZREXMRBESD RN EZW
BVEFVRSERK FEREAE B TR

7R 1982~ 1988.1989~ 2000 F/T/EF #H L 1 F

HIRE K TR AN PR AR, {H B 7R A i R F AR SR

X B EKF, H & B A S 5L BT AR .
1982 ~ 1988:S, =~ 8502.351 + 1346.455Q,

(R?=0.694,n = 7) (5)
1989 ~ 2000:S, = 2568.224 + 633.884Q,
(R?=0.767,n = 12) (6)

A1, 81,8, HFHVE (0;Q,.Q, WERKE
(mm);n HHEEARE.

KFRB=W WU HR, SREEUBRRAY
EEFMEFE22) Firgerald ik H, 7L T H 13
MR A, BAKFEAN N HEHTMEF;
Lemkel 2158 DL R 7K 9 1 90 (Rl F 2 —BF R L
VHEY AHREEARAENCERREFMNEF. &
TG SR R 1ER, BRACKE T # R 2 M E
BEWAEr=Y . SR AR L, YRS
B hnet, BEAK R P VD B R K IR S
LA h X, B R BRI A 2R E F
By ENIHER BRI AR R NER T REX i E
M , 3 (] 42 b S B T B 7K X 7= b B R

B T A9 5 4 F B TSR ] 1+ # R A et A e
AKICHER, B I 06 751 51 Bk B 7K 69 5 Wi A BE 23 4 + b
A TP ey . RIERX(5).(6) 4 Bt
5 1982~2000 FEERK-BHRFAGTHED &,
BEARFEEN.RRA G T AR T ARAH

MR . & 2 TR &, AR EK-BRANHT,
LK EE, BHREGHEERERS, R Wi
W, Hot st F R BT A= 40 B B R 24P K4
B BEAKEE, B —FK-BRAH T E R BFA
BRTAFE U RBRAB/NRE IR HEE AR,
BEREMAFHAT TREFAXNER-UXAELY
2 AR ESRARE RS
PR ZE 0 R BK U &R, 5 R TR
ML 2 ERIRBREE R KE L, LA

/BT BEOK T U B B A R IR R TR K

WK EED S, KRR S, AR R ek
W-FREREK, =Y BYERBZMA, LZ
PRAR . T LB 1 T o AR 1 T R L B L R
SFE—ERE L LIRS Y, (AR
REEBURLTRK B K/, BKEBZ, KR
R B B ; Bk BB, U 1 o ) R AR X P P i 3
My /)
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Fig.2 Variation of annual sediment yield change( Il ) and precipitation
over time{ I ).

3.3 LA AR R E Y E TR
K RREE W, YA B ED RIS IE
TR R AR B Y A R R B
THHAHEARK BRASVRSETFHE, B
MEZEZIEEIES R,
1982 ~ 1988
S =-1.116 +0.154 X P,,, ~ 0.042 X Q,,,
(R*=0.981,n = 12) (7N
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1989 ~ 2000:
Scz == 0886 + 0047 X sz + 0975 X sz

(R? = 0.917,n = 12) (8)
K, S SeMAAHEY R (kg m™), P,y Pon N
A ¥pEKE(mm), Qin Qo N AN BT E (mm). H
R H AR R B 34 1 e R B AR X = P Y 1
o, R EERA B2 E P& ARK ER
FUFTHFELR, BERIBRREEK RN,

mE 3, FHE A B E W REHETHIR/D.
SUBHARERTHY R, ESVEKR, ERER —
RBHEMNER LY LEREBRK, K2R &
FzREE LA A RN & AP R SR
SOHENABKTERE, SURER/D, HEYEH
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Fig.3 Comparison of sediment yield distribution for different land use.
A:1982~1988 £ T . BRI & 4 The case of precipitation and runoff
for 1982 ~1988;B: 1989 ~ 2000 G [& 7 . 2 i %& 1 The case for 1989
~2000; 1) T 1 Prediction 1:2)TR M 2 Prediction 2;3) B8 F & Pre-
cipitation.

AN, BEA - R B M 239 72 5~ 10 A KE
B,10 A MR EATAT, R SE W £
BEEPES~10 A, EE&ARMB LR EEM. R
BB, 5~10 AREKE £ 5K 83.3%, BEKIE K,
B b 3 K. 32 3o s U8 A N T R YD R 7E
BRWENETRNKR. E3FASBHENHLTH
FAHYEYRMAMKERRRE, TERBTH
B b FIH SRR RH, BB EKER L,
FAEKOEZ, FHE, AR, #iL
EFrg . wmEmR (7). R@) A HHET 1982~
1988,1989~2000 EF LA S AW B A &Y
B, TR B4 et AR S
VETUESEABKNER, BRESEEES

By, HEEKEABKBEZ, BAYSYEB MR
I E S R SR L R R AR
MR ERBEA R, X A KA 50 mm B, B
HRREWERMD 6 kg m™3, T % HBEKIE 100
mm it, B BREVERD 12 kgrm ™2,

30 ¢
25 F

concentration (kg * m™)

BRIELREAHEN
Reduction of mean daily sediment

0 100 200 300
A&7k Monthly precipitation(mm)

B4 BKAHSVERSBAE
Fig.4 Relationship between precipitation and reduction of daily sediment
concentration relative to the earlier period.

3.4 R AR AU X BEIK P D B 5 MR

KIS FMRERERUBEE=RANE, HER
WmEEREYEEETERN SRENERY, +
wHASES F/IIREMNBRESR=VDHEREEE
RO O I, SR 3512 1 28 (Duration curve) B 84T T
AT b A A B BE R L P2, TS RIE & B R A
HEIKET R R L # B K- -7 2 X R iR i F
AT BEIK P B R M. B 5 24 Pearson-Mit H 1%
B FTHA L b R PR TR | B /K A B 4 A, Btk eL
FHRBRT 1 od s ' HETRF ARSI RS, Bt
K &Y R 5. g B fEME e, I,
DATH 3%  BE U B 0 BT B F, 2 B % 9 A 1 b R
HIHEIK 2 & Y B AT [ I B

1000 1100

)
% 100 g
- g
gé 10 Rﬁg‘
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He 8
¥ 10} 3
: ]

1 4—.\. . . 1
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Bs AL AAREKO. BERB(QMENM

Fig.5 Duration curves of precipitation(1) and peak flow(Q) for two pe-
riods.
1)1982~1988;2)1989 ~2000. T [f] The same below.

1982 ~ 1988: S, = 46.381 + 1.2141,; + 16.053Q,,
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(R? = 0.884,n = 27) 9)
1989 ~ 2000:S,, = 85.945 + 1.9011;, + 7.064Q,,
(R?=0.684,n = 17) (10)

RH, S, Sp WK TFHEY R (kg m™); I
Lo M PHTR(mmh™1) 5 Qp s Qpe K BEIE B (m®
sTHURBEROO).(IOHE THEHIMMARET
HHE R BRI =R (B 6). i 6 AT,
EHRF YR KR OKERARGT, YEAY
<SR, BRI ARKEY BRI AEN
B>5Fut, G MA A= D RERTR/DN. &6

T BEZK B3 43 AT, 24 P UK R K B & 4 A 7E 20 %
~100% TEE A (BRI >1.05 FifG <5 F0F, H[FE
SRR T S 8 4 st ) b o R BB BT HAR /DN, (B K
BRERBERXTAH. BHERBRSWRE AEIFFE
FHEAEF, A EBERANTE SV REH
BT EFPLF AR ST —, 5
B Bt i BACHTEAR A, WS BTt K & ¥ B BT

10000 -

AP R
Transformed average sediment

concentration of flood (kg * m™)

1 L 1 1 1 1 1 ]
100 25 5 1.25 1.05
HHM Recurrence period (yr))

6 HEREKFETHYHLBH ALK R
Fig.6 Comparison of sediment concentration corresponding to the same
frequency of precipitation for two land use periods.

W A
Rainfall intensity

{mm + 1"

AUk
Sediment concentration
(kg * m’)

@
<

0 5000 10000 15000
5 B Time (min)

7 REK()RBKBEY (L) BE
Fig.7 Comparison of precipitation (a) and sediment concentration (b)
over time.

1)1984.06-19;2)1990-09-07,

W E 7 hRERERERKERE, FHWRRN
2.2mm b, HEWRERIUS B TRW(50.0<1,
<99.9). BARFEKS IR —E, {8 H 5K 3 Xt
R E b, SEHA s F R K SV BRI AT E
/N EBGAH MR ST, 2 5 3 L s R W 5R 43 AR
—3, X FAEEERARG K, BRSNS E K
B/ (9 T R B K 3 & v BB BT B R
/N, FETE M E W FROK T, J5 B 7K 7=V K e i A

7N
4 W B

ML, R0 E/h. R e g s %
B St R Ay T R BT E Y R EUD,
EEBR/NIREERRTFERKBHEZ D, FKEM
WL B8 & s R BT RE Y &
G/ N e B 2 0 803 mm. 786 mm AYEEFETH &
4 T J5 BABCATHA S B2 85 326 « #1 52 937 ;TP
KERFEKE S EN, THF BRI RESD &
EmE/N, BRI RB/DRHE. AERE
RE, BV EELPE S~10 Af, SEKHY
EYHMH—H. FHEK, BF — Y8 K D
TRERM, HRERF, AEKENY 50 mm B, A
AV RGIARATIRA 6 kg-m™3, i A BE/KE
7100 mm B, A HEEVEEHAKATEARD 12 kg
m 7 AR A YK B <S5 Fat, Bk
T &V BIGH AT 44 & R MR Btk
oA M ER A, 5 P A - R B A R R R 4
AR R, MR —E B 1A 5 8 b A A Y it K7
B &y BN T AT

EHRYRERBESVEHE LD A HE
TEBREBXTERE, REFRAKREE —E
RUBHRBRE EBO RV AT ERHRE S
VR, 5ZEHRFIREMRBSVEHEL, HEW,
T IR BR & b &4 Al Bk 920.1 160 1 1 290
kg'm , MAHKEBALZETFHEAAHE X
fE38.54 kg'm ™, “HHEERB/ND FATFNE
B L BB R ALY BEER
VR, BEFEDURBELRIEE, EHEX ENE
ERBROTHEMOLRE AR B LR EE
O, ABAMEERKERELAG S, 2445
20% , AR R PR E AR5 AR AT #AYE Brsg in, (B34
BATEAM BB OUE I 5% £ % ; ARG Fis
R, HEPEETEmN. B, 5o 5
Boph, MR ER R, FEEZHRKERZH, L
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