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Sediment yield of the Yellow River is mainly originated from the drainage area between Hekowzhen and
Longmen area (Helong Section) - Spatiotemporal variations of vegetation cover in this area during 19812007
were investigated using GIMMS and SPOT VGT NDVI data- The authors also analyzed the interannual
variations of vegetation cover annual runoff and sediment yield: which were resulted from precipitation
changes and the Project of Conversion of Cropland to Forestland (PCCF)- The results showed that vegetation
cover of Helong area had experienced an increasing trend during 1981-2007. The northwestern Helong, where
the flat sandy land was covered by grass, was the mostly significant increasing region- The region where
vegetation cover showing a decreasing trend mainly appeared in southern and southeastern Helong area, which
was qullied hilly area or forested area. During 1999-2007, although precipitation was relatively low
vegetation cover showed a significant increasing trend in the Helong area due to the implementation of PCCF -

During 199972007, the most significant improvement of vegetation cover mainly appeared on the loess gullied
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hilly area, such as the drainage basins of the Kuye River, Tuwei River and the middle and lower reaches of
Wuding River and Yanhe River- Comparison of the average annual maximum NDVI between the earlier
(1998-2002) stage and the later stage (200372007) of PCCF indicated that . the areas with increases of 10%
and 2076 in NDVI accounted for 72-5% and 36.4%0 of the total area. respectively - Interannual variability of
annual runoff and sediment yield showed a decreasing trend. especially since the 1980s. the decreasing trend
was very obvious- Compared with 195071969, the average runoff and sediment yield of 198072007 decreased
by 34.8X 10° m” and 6.4X10° ¢, accounting for 49.4% and 64.9% to those of 1950-1969, respectively -
There was a positive correlation between the annual maximum NDVI and annual runoff as well as sediment
yield- But the positive correlation had been reversed after the implementation of PCCF since 1999, i.e. an
increasing NDVI trend of the Helong area was associated with the decreased runoff and sediment yield-
Although less precipitation was an important driving factor for the decreasing runoff and sediment yield during
1999-2007, the restoration and improvement of vegetation cover might exacerbate this decreasing trend by
enhancing evapotranspiration and alleviating soil erosion-

Key words middle reaches of Yellow River; HekouzhenLongmen Section; vegetation restoration:

conversion of cropland to forestland ; runoff and sediment

] e [ ZE 1] X ] (JR) i X ) 37 3%
e B S L R ARy, T IX
a4 A T A Sy 11.2 X 10" kan” oy 25 VT 37 35K 1 5 4
14.8%%, Horh Z b MLV X 10 B o 96 30 eh i 2 YD KLY
IX T FRY 76396, PRI, AT i X i) 2 3] i B e >
TR R (| 1), 12 50 4E,
SR L AT AV LIEI N EIN Y U - A A )
TR SR T AT WL BT TR
FURLG KPR T30 6 FE 45 K R KR H i 3 1% i
FRIRZI SR T BT e e X el K v AR A

1999 4F 3 [ BORF 5206 7B BRE M TR, B E
2006 4F L 52 i %EL 3034258, T H TR A #4310
feoet™ I e X ) R 3 4% K ik
X, [RGB SR bR AR 1R Y T i KRR X,
B S LTI AR AE B KB % e
HFHE AN . B B B A D AR A
SRR, HOK B R BT, B EE
PR320 10 4530, i TARRH Sl A= 25K SOk H
22 BB AR T 60,

JH — K A #% 48 %% (nommal difference vegetation
index: NDVI ) /2 % &% 52 1% 1) 3T 20 4h o B I 5t %
( NIR) FILT AN B IR 528 ( R) i ELAE S8, B A 5
S NDVI=( NIR"R)/( NIRT R). NDVI ZHRiH N
H B R AR BRI 36T AR % A=Y
BOMHEAE R E A, BEL CATFZ A
NDVI F w75 1 A B i i, P b R SR X
SRR A A A8 BT 25 R 2 AL Oy T A5 5]
VF 22 BN ELLE 49 07 W T A8 AL IR BB B
AR REME SR ET, BR, AKIE
B2 BT o i A X ) A 7 2 A A AN ] 2R B
BIH E2 . B, D — SR s AN L B %E

CLU R BB HHE AR TR A B 5 (EE B2 K
25 ) RN R B bR TRl e AR AS IR B R Hok
KOS AT W AR B B TR L AT
FALEAG BB G A5 A KSR B
50 ELAT LA A TR R SRR A e R AL
] J O X A A ZS FR 5 B 1 B X RTIRAEE
R SRR B TAE A S S5 X,

e iy
— I

01530 60 90 120km
- — —

P L S e el IX AL
FIGURE 1 Sketch map of Helong Section of the middle

reaches of Yellow River

AT GIMMS A1 SPOT VGT Wi FAE # NDVI
BdE. FoE 7 1981—2007 A3m] Jy [X [ A7 4% 7 25 224k



FODORSE BT Dl X A B A S R D S R 3

FEATAFNZS [AVRFAE, BRI T I Hh AR 9% NDVI 512
HE AR R, DUERSIRE MRk
HRTEIT AEAR AT B IR SHATL R A BR A
XV
L1 R

AHFFER 8 km 43 HERH) GIMMS ZAEAT 1 km
SYHEEAY SPOT VGT PHFPAEHE NDVI $idf . X 1981—
2007 4 & ] v ey DX 8] B4 AR 4 7 2 e s AR ALt
TR 5T, GIMMS 42 (9 LI B ]y 1981 4 7 7 %
2003 4E 12 [ ,SPOT VGT itk 1998 48 4 F % 2007
12 B zBdE SR PO TR RS v
AR AR SR B T R
1.2 7Kib#HRE

B R e X R R A2 I L D R AR B
BODK R ZE RS ARG AR . kB4
Fo 1153 2 B i AT X RS B L 45 TR A0 T 7
il K SC LB [E] Sy 1950—2007 48, AE 43 BTt vk
NDVI K VB ZE Y S R B, FH 1) B 4F B K B0 2 3] e
DX [ Je e JR i X 18 AN 52 0l s AR K R P-4
{8 BR]F 21 Ry 1957—2005 48,
L3 ®HRAZE

FT ARCGIS 9.2 &, K H ElFrii H 59 5okt
AEFRTTIE B 15 B 2 FEE GIMMS £ 4058 o e K AL
AOFR A= B A B AV, NDVIL $ET 15 3145 £ K AK NDVI,
XFSPOT VGT %4 #E 47 [7] £ 4b ¥, 15 2] H £z KK
NDVI FI4E# KA NDVI,

AT 1553k 45 P K S R AR B 2 2R A
T X (B4 =i i AR RNV & 2 22 4E i o X [a)
YR EATTR R 19502007 ARy Jg X 8]~
T VD R B ERR [ 2SR IE AT

2 R &L AL

2.1 Btk

FT GIMMS FdEgti AR A M HE#E NDVI #9224k
A, 2R, 1981— 2003 AEHERT hifER] Ji X AR
NDVI ZAVAEA ] H 3 2 ) S B B A 2 5 Bk B
DIAERE NDVI b Tl gt sh. (0 U B2 5 ARk
210 At P<0.0L(ZRKERBN (R 1), 2Bk
BEREA A= K AR AR AT AR R AE S, AR PR TR A B
NDVI 253 brhasny g smE" ™,

L P<20.05 B PR Wb e, S5 B0 p i
[ Jp X ] 19812003 4EA[6) H 348 NDVI 3%
Fh B3 RREAY TR S AR el (6 1), 45 R
228, 1981—2003 4F3] J [X. [6] 48 % NDVI A _E T
3, AR NDVILZE 5 — 10 H A K 2 5 3 F 7l [X 35k

BB 19900 E (KR 6 A). Hid 5 Fn 10 H 4351
ik 512000 53. 700, T 2 235 R WAy XIS T o 1 AR
A, Ak £7E 100U,
%1 19812007 SRR R ERE A
HRESTHER
TABLE 1 Monthly NDVI variation tendency in Helong Section
of the middle reaches of Yellow River during 1981-2007

981 BELA AR B FE 199
A ooz wI% % ®I% 20074
1 —0.28 0.9 86.2 12.9 —0.23
2 0.14 3.4 96.6 0.1 —0.20
3 —0.05 1.9 93.8 4.3 0.57
4 0.04 2.2 92.6 5.1 0.68"
5 0.54™ 51.2 48.8 0.1 0.85™*
6 —0.07 7.2 86.4 6.4 0.68"
7 0.05 19.6 70.8 9.6 0.70*
8 0.37 33.7 63.2 3.0 0.92™*
9 0.31 27.2 71.4 1.4 0.92™*
10 0.54™ 53.7 46.3 0 0.84™
11 0.28 12.1 87.2 0.7 0.62*
12 —0.09 2.7 94.0 3.3 0.75™

HE 19812003 45 245 19812003 4E A4 NDVI 5545 (3 B A 5% R 5L
R NDVI BT}, ffE 25 NDVI TR, 1999—2007 48 [ it * 45
HEE NDVE 2t P<<0-05 5 UK PRI, 43t P<=0.01 fi /i
IS HE A P<<0.001 {5 B PR 36 B3 BT X R AW
bR 0.05 W E YRR IR MY a1 ST AR Y L], B2 R
DR Rk AGm T 0.05 1 2 PERS B0 i X3 by SRR Y LR 451,

H 1999 FERIR, L5 BT v i X B i St |
IBBHHAM TR, FE UG8 ) SPOT VGT A48 1999—
2007 4E IR A A HE B NDVI A2 (VAR AR EH]
T X [RIAN IR A A3 A8 NDVIL B H 5 4 0 #1745 43
Br. WA B R BRE AR RE A S 1999—2007
AR X RN B NDVI Pk 2 S 58 20, 5—10
AR TR NDVI #RReidd & R g, Horp 5 8 Fn
9 A#EpREELE P<0.001 {FEEKPAGER
2.2 FhrEk

FERKAE NDVI 3R T 4 M s (A B w5 /K 7
WA WM 48 b, 20 AT 1981— 2007 AR5 ] e
e IX AV R NDVI A4ERR I SIAFE, & B) GIMMS 1
SPOT VGI 7E 19982003 £E3A7 6 4R B ], SR 2t
HMEETTERT GIMMS £E S KAVAE#E NDVI EA T4 #b, 2
5719812007 42 4F 5 KA NDVI (4 I [8] J57 51 (R =
0.952, p<<0.001, N=6), MKl 2 nJ%0, 1981—2007 4E%
TR e g X (Rl AE 9% NDVI 2 B 3% B (R=
0.606, p<<0.001, N=27), #f[a] KB 77 1981—1998 48
A NDVI_E T4, 1999—2001 S 9% NDVI 28] T~ Fie
FUTTLALHL SRS HEBE NDVI 22N T Pus ik & 27 HF
B, AR 2004 2005 SRR KA i /b (L] X [RJAF 4
NDVI 53R 0 Iy,

2.3 HETWN

TESM AT T A s AR A AL fa A R ikl b BT
GIMMS HdJistt—25 73 v gt o] v e ] s IX. ) h 9 7
AV 2 [EIRRAE - 45 R B . 19812003 £ 5] chijfe



4 IS SN AN

431 %

0.50 - ¥=0.002 8 x—5.132 R*=0.367 5, N =27, P<0.001

1550
= 0ds| .
()
Z 450 =
2 o40f @
b &
B gas| 350 &

250

0.30 1 L L 1 L
1980 1985 1990 1995 2000 2005
- EHRIL NDVI o fERKE

& 2 1981—2007 45 8 ] vhifpin] Jp; IX [R) AP 5 7 o R s 28K i 34
FIGURE 2 Interannual variations of the annual maximum NDVT in
Helong Section of the middle reaches of Yellow River during 19812007

ALl DX [ AEL B 7 2 28 A0 A 78 BH B 1Y) 285 ) 22 5% AR R
NDVI 3% b IX AR R X AEAE (] 3a), A
NDVI {2 $2 i A DX 3SR H IR 43 A1 1) e X B A P
JE3B. KBONSE L BRI AR AR R ENE K —
s BIVR— 2 DAL VD Fe vD  BEME X, A %% NDVI
AR DX el 7] s X i) R 3 3 - v SR Bt 3
BX AN AR IR X, GeitFeng. 1981—
2003 £EJ] Jp; [X. ] 4 40.5%6 (1 X B NDVI 23 |
Thiasy, 8.6 20y XSS 9 NDVI 2 LB B R e 3,
50. 9% By XS A LA B A2y,

FEF SPOT VGT 445 73 #7R Bk I R TFE 52 it A
Sk BT Hh e e X (R AE 8 NDVI 22 (LRRTE, %
B )7 51 7 R S RT3 (1998 — 2002 4F) i T fE

S 1 (2003—2007 48 ) , @it % T A2 2t AT IS
AR T34 4F £ KK NDVI (9 %F Fo 4047 38 77 #
W AN T 2 ()RR AIE T FF T 79 P34
NDVI {78 (L 43 A TRl 46 3l Rl 1Bt
TPR AR S » 1999 — 2007 45 #9] e i i] Ji [X ]
fE i NDVI Bk S BB 34 5 253 0 2 R P
TR TC 58 T TS I LA B BB 0T b S 9 X AR
NDVI _EFF#RTE 202000 ., Seit30 . J5 3 NDVI &
BT AR 1096 i [X 480 2Ly AT AR 0.3, T
PR 1020 DA B K3 B AR 72.5%, HEH
36.4 Y0y I FRAE T 20%0 L . AT AR B T AR T
FEE,

{EAS BB Y2, 1981 —2003 SE R H 5 B3 1
FH X SE AT [X 8] 95 A 3 1 v Hb B HE X 3%
[X {5 ok o= 0 3R PR A X 450 59 » FF R 2 ) g X 1) e 2
B P=YbIX, LLTESE TR 9] FE VG JL B v 2
HEDC VDR 118~725 tf (k' «a) . 11T 8 -+ B2 14
FXKF1 879~25 112 ¢/ (km” «a) . FHZE $o3m™ . {7
R X ) R R 5 - s AR (X SR A = v
X, 1981—2003 4EAE B B 36 2 59 R ta®h, [F L,
1981—2003 4EAEHE NDVI 25 4¥, X 25 0] v it ] g X [
PSR AT RE IR 3

# L B KR AT 2570 B E XA,
A R HE AR TR S A X 4R, & 3b 7]
I, 1998—2007 SR MK K L6 T# L

A T %4 m T2 0 EF e EFR3 mm EFFS BAE D FE/% 03-5~0 m15~10 = 20~25 == 30~35 mm 40~50

&S m 3 o T m EF2 m T4

B -42~-5 [10~5 == ]0~20 W 25~30 = 35~40

3 19812007 4R F ] eI e [X. [ A W4 7 4 A 25 22 4K
FIGURE 3 Spatio-temporal variations of vegetation cover in Helong Section of the middle reaches of Yellow River during 1981-2007
T P 3a S 19812003 4E3] J [X W14 14 72 55 A a8 280 L1 R 1 31 e 5 43 B2 46 M B NDVI R sk LA 4% B 7KCP 686 . ©
p>0.1, @0.05<<p<<0.1, @0.01<< p<<0.05, @0.001<< p<<0.01 F1® p<<0.001; [7 ¥, FF 1 %] FF+ 5 45245 4%k NDVI L FHiE
A RS AKCF#R R . © p=>0.1, @0.05<C p<<0.1, ®0.01<C p<<0.05, @0.001< p<<0.01 F1® p<<0.001, [ 3b E453EHFEH T
SR R AT T2 104 A T RS R (2003 P 2007 et g el NDVIME A 12982000 £8 ) A i 2.



55

FODORSE BT il X AR B A A S R D S R 5

B2 VAR IX, 3k BEZ B ) ] e IX ) S B R B D IX
X TR I B X R = YD it R

ShitE—A E R AE E w A A AE 25 1] B A
. L 1981—2003 4R4F 5 KAX NDVI B 1E 4 AE 9% 5
VKO R B A BT ] AN [ A 7 55 K
JITRt B B4 AE W AT AL FFAE AR AE B B 22 R (] 4a),
NDVI KF 0.5 ) XIFK £ 53 A 467 e X R R B L 4R
TR ARARAE B 70 A1 X X ELAE E NDVI 2
A, T NDVI AH X A A 78 b 350 v 5 4 XA 9 7
wE A,

WA 2 2R 53T 90 m DEM $di &
IR BRI T & B AT TG A R S
TR RRIE, 25 53R BH . ] e X [a) 75 L e v
Hb B HE X T 50K 2 W RUR Sk R AR XUER £ L 1
P30 B RN, JATRAE S, NDVI 2 E T 3. 1
P R 0 e o Y AR X L b P 39 A K AL

NDVI 2 TR (18 4b) .,
0.8
o
0.7 F y==023x+045
o{‘o g R= 083

S o6l S 8%
z o
= 05}
=
B o4t
ar

0.3 F

0.2 L L I i Il I Il i

-8 -06 -04 -02 0 02 0.4 0.6 0.8
HFFRE
25
4]
20 o y=—hS8x+ 109

1
R°=0.55

W1/ (=)

?0.3 ‘-ﬂfﬁ —0‘.4 —0‘.2 (I) 0.‘2 9,“1 Ol,l‘j 058
MR
4 19812003 4 F ] eI e X R AH B 10 5
AEfRAY NDVI 3 BT 2 8] 9 26 &

FIGURE 4  Correlations between variations of NDVI and average annual
maximum NDVI as well as slope degree in Helong Section of the middle
reaches of Yellow River during 1981-2003
T A R HOR 4G 19812003 S 1248 fie KAK NDVI 4Ry 1) AH G
R EERSHEY NDVI 2 BT SUERR S NDVI 2T

R

5 AIEZUHEH
AR R R IR S Bt

IR SR 0 OB A PR B BT R AR . o

2,50 A5, BRI AR T X WA P B A P R

ETRRBEHBEDS), M XEFRE. 7 DE 20 i
22 70 AT LRI D 80 AR KM 1820, 90 AR Hh 4
Pk 2B >, 5 1950—1969 4F °F ¥ {H A1 L,
1980— 2007 43 i IX. ] 7= 175 Bk e 2> T 34.8 X 10°
m’ PRV R T 6.4 X107 ¢, AR T 49.4% Fn
64.9%0, [ 1999 AEIEHFIE bR LA, BT b T Jp X
[B] P B A= i AR R B B 20 fikgg 90 4F
R4S B FIET 35% Fn 64%, H [ 20 {42 T o5 +H4E
Rty 38%0 40 17%

150 -

130 420
g 110 |
ERY
70 -

FERE /1

50 O

30

10 I |
1945 1955 1965 1975

G

1985 1995 2005
&5 1950—2007 4 # ] v i) Je X 0] = i & L 7P v R i A2 L
FIGURE 5 Interannual variations of annual runoff and

sediment yield in Helong Section of the middle reaches of

Yellow River during 1950-2007

KT EA KD B 20 tihag 70 FACLIRET B
il CSHIRRED N 07 I (2 DT e
IR i KA AR - Refs A JEHR K T 25
KR 7K PR TR e A 2 Ve BT v i 7Kk 0 B S i
A FE R

b KDENERB LM KR

41 PR BHKEIER

1957 —2005 47 4 I e e ] i X[ 46 7 B 48
PR R AR R B TR, A R R B
0.74 11 0.64, AR P<-0.001 G354 A FRIL:
S S A K A R K VB X AR 2
EEMZ B R R AEREN., hE 6 aa, k2
1 1971 AE R I KT Vb3 3 A T 4T
B A K BB 280 P2 B 0D BRI
330 S X ] 20 128 70 4K ARHR i 49 T _E
PSBYIME, B KATE 1979 48, EA1H% 5
SURHET T R KR B R R
PR, EREREIR. B 1999 4K 55
B IDRIE AT R AT 7 RE K B R
FEF YDA i/ 3 538 B bk TR A 556
S AHVFEHE B MU NDVI SR 0 I 117 512
19812007 48, 35T AT oh eI J X P37



6 IS S S N

CE B

CORLE

3000 [ - 450
o'.“
2500 g
E o350 -
']
< 2000 @25 1999 4300 =
] 5
he s’ 1079 4250 &
i 1500 K 1200 &
& 1971 =
B ** 1150 B&
1000 [ go
& o BREGR o BEAE 100
s00 & : . : — 50
0 5000 10000 15000 20000
BB i/ mm

6 B X A RO B SRR D RN B R
FIGURE 6  Correlations between annual precipitation and annual
runoff as well as annual sediment yield in Helong Section of

the middle reaches of Yellow River

WL A SRS AHIRARZER . LE WA H NDVI 5
PR TR RN, ZEERZKD TR,
4.2 R SR NDVI IR R

B P e X B YD RS A NDVI
AYAFBR A1 S A7AE B 2 A4 [ 25 P, AT TR AR SRSy

0.50 470
a

460
_ 045 -
z 150 £
z =
= 040 140 m
= ES
E {30 %
035 &

420

0.30 : : : : : 10

1980 1985 1990 1995 2000 2005
E4y
- HHENDVI - FRE

7% 0.557 (1981—2003 4, N =23, p<<0.01) f0
0.661(1981—1998 4%, N=18, p<<0. 01), {H, b
IR MR TRE S 35X Fh [R5 9 3h o RALEE AR
BV R MG NDVL BT P &L
VR REE(E 7)., PR RS NDVI AR 3 5%
F [ 2004 SEFFAEMEE MixtF ey RS, 3 1999
2 RHAERRERNERSE, BPREAR TR
it I SR A A B NDVI 3RS K &2 2 i X F 5 o 42
AR R A JR AL 1999—2005 42 2 il v Jife ] i [X. 8] 4
B NDVI | FF K BEAR 47 S e (K 28 4k (R =
0.357, p=>0.5, N=17),

BN e X AR L Y R SRR 2D
FIEM S R FEK B R AR & 2004—2007 4273
B D RAE N R EREK, 19992003 4
4 NDVI | ] BB J2 Bl & B /K R &2 21 AE 7KF 1Y)
B AR (R 7 2004 — 2007 4R R K g D A A% 5L T - A8
B NDVI 7336 30 S LT3 fr bl O, 5 2 10
EIRHRAM TR RA IR B S 3% .

0.50 110
b
18
_ 045
> o
2 16 =
x 0.40 L&
=< 4 2
o o
¥ 035
12
030 1 1 1 L L
1980 1985 1990 1995 2000 2005
a4
. B NDVI - TFEUE

P 7 19812007 4 By o i) Ji X ] 7 i B L 7 V0 B S5 B NDVI R 5

FIGURE 7  Correlations between the yearly maximum NDVI and annual runoff as well as annual sediment yield in

Helong Section of the middle reaches of Yellow River during 19812007

i 10 AEF R e X AR P R E T
e th, KR R HHEEIREH R, (g, A
P NDVI $& =1, AR 85 78 55 5 10 B A X A8 B K b
Z IR R, e o AR 0, AR
8 IR K A AR it A S 38 I T 7T R e e
X[ ZE R FZEBVER . BAIL T R ] AN, £
A BT 3 A 3K SRR ] g X i) 7K R
R B R T T B, 45 SRR B /K 1 R FR ik
2GR 9.0X10° m’, JiE 14.4% . 35 10 43k, AF
IRFEEAR TR OB % T - T i XA 4 3 1 K
B E X B ol INRAE DY 28 UK SR, T I
TR IX AT AR B AR IR I

B HEEAR TR 35 B W 257 1 S Bkt B oy
MRHD B8 E L el A 2V B SR A P B FEAIGK
TR, MRS ESKE EEMER., B
Fre i XSmO 490 e DX JRIAE A NDVI Tk ok 3%

A X3, ok Lt BT+ T B A0 R T e D X
I X BBl S AR DX ABAR ot b 5 B D/ IX ] b
B, S5 MU 5 REAR LR R S R A AR
TEENG: . B A A48 7 o B s 300 2 J M A
HAWIR A > IR R MR fE . NDVI i TAEW)
AR 0.35 EFFEIEIARY 045, 15 5 R R {E 2 5
AOAEL B NDVT i £ 5, X AR AT A LA 1507 o A4 7K
TR B, PR, AR B AR TR By
AN AR B i 2 2 4R R AR AT RE AR ] e X [R] YD B
e JUgiER ISR
S A

1) 19812007 45 5 ] v §ffe ] Jg [X. [AI AL 4% NDVI
IR E ETHES BAR A M ZABHAR, A S

A 10 HBA B LT, LI AR b s
R 51220 01,53. 704 # I rp i T X i) A A R



FODORSE BT I e IX (AR B A SR D O R PR 7

BHEEHBH S MZER, 1981—2003 4£4H 9% NDVI
ST o A 07 o e 3 T 2 R A
PEDK . B R L A AR L ff R | B R BN KT —
W B PRI B T L R X A
HIFRARIX, HAEAEE NDVI 230 A3 b B iR
iy 40526, T A B S Ay X8 A 8604,

2) Ffi & B HEE AR TR A 920 1999—2007 4E 3%
Ty AR e X R K g NDVI FE KRR 5=
I W2 BT Ss MR S K R SRR 3,
B NDVI _E - 5 3 28 XS 1 38 4 e B 1 AR X
B ST SRR, T Tl TN e DA S RE Tl v T e
XX B RS L m R E BN R DX, TR
SEit B BT S PIAS B HA XS EE R B 5 B NDVI % Rif #A
P 10200 B X M AL 72,500, BEA
36420 TR 4R 25 2026 A _E, AT WA NDVI 42 &
.,

3)1950—2007 4= 2 Jay v Jife ] e [X. 0] 45 77 i &
YRR THEEY, 5 195071969 427 # 1
AH L, 1980—2007 A=) Jy X [i] 77 i & A0 7 b & 439l
VDT 49.4% Fin 64.9%, [ 1999 4EE HEE AL
S - B VAT R ] R X A] P AN b B W R
20 {it42 90 4R BRI T 35200 6406, 1k 20 i
TN AR 38%0F1 1720,

4)1957—2005 45 g ya] v ] g [X. i) 4 e K 2 A
PRV 2R IE ARG, KAFE 1971
1979 Fn 1999 4E K= KT W R B K ET
B AR A, e X (A P &L 77 v B S AE B NDVI
FAEIEARSCR 2 A ERR 26 s FRE., 5 E
1999 A2 J5 » Bl & B HF AR TR S0t 3xX A a2 5%
FANBEAEE AR R VA NDVI B 7
M Y EHE R,

£ £ ¥ W
[ 1] S i K SCOK IR - 4] b K S (T %8 e ] X )

(M- M . B3] AR H i, 2005, 1.

[2] BERCE, T B ook 2. 48 3 50 4 8] b i e K AB AL B 3

KR E I (1] AR B, 2004, 26(8) , 26-28.

(37 s o7 11— ol X e G 22 7 5 R A K SR [0 A
FL BV L 2006, 28(4) ,24-25.

B AR VR ThIT A 3 50 4F 2 - 85 SRR o P e K £ B
ZSASAVARAE[T]- H B, 2009, 29(1) , 98-104.

(51 BRI MIAREE. 8 71X, 5. B9 rha o] 1480 % J 1 X i 7k

FARRE S KIS [M]- A5 . B KR HBR #E. 2000, 124
137.
[6] BMK, MEREARFZHANG L. & 8 18 % 517X [ 3k
KD ASAY, T I Xek AR K LR e 0 o) 17 [ 3] - e 0 F 58 2007
(2),3641.
] MR - MO 5 25 R 0 24 7 [R/OL ] - (2008—
01-21) [2008-12-14 ]. hitp./lwww- gov- enlgudi/2008-01/21/
content — 864441 . htm -

(1]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

MORGAN R P C. Soil erosion and conserwation [ M]. Harlow ;
Longman, 1995.

BOCHET E. RUBIO J L, POESEN J. Relative efficiency of three
representative matorral species in reducing water erosion at the
microscale in a semi-arid climate ( Valencia. Spain) [J]-
Geomorphology 1998, 23, 139-150.

DESCROIX L. VIRAMONTES D, VAUCLIN M- Influence of soil
surface features and vegetation on runoff and erosion in the western
Sierra Madre (Durango. Northwest Mexico) [J]- Catena, 2001,
43,115-135.

GYSSELS G POESEN J. BOCHET E. et al- Impact of plant roots
on the resistance of soils to erosion by water: A review [J]-
Progress in Physical Geography, 2005, 29, 198-217.

FLLB 28 AL RERGOK LR ThREpF Rt [T]-
W HE A5 2AR 2002, 26 (4) ,489-496.

L, #wAOR M. ok 21 FEhE T E RS
WIS LA [ ] UK 114 2003, 25(2) ,232-236.

B0, BRIL, e, 5. 35 21 4R g e I 4 7 AR AL
1] HBkRL e, 2007, 22(1) , 33-40.

TR04ZE, BRAT SR o [ P b X 3t Fe 4 bl 7 26 R AIE Al e 23
5 B T4MH7 [J]- SFEERHE 2007, 28(1) ,41-47.

KA. DE - B SPOT VEGETATION {4 ) v ) 75 b A
TS Y AT [J]- o Vb1, 2007, 27(1) ,89-94.

B VPR - 2 b R XA 4 8 a5 A 2 U R X
W [J]- B SRR, 2007, 17(6) , 770-778.

TR EARGE, BREHE - SR 0B Bt ARl B A 2B BT 7T
1] TEAE K SRRV AR 2005, 45(3) ,306-309.
SIHTT A K, . ARSI M ANG BEX 5 SRR
JEBHASWTM[I]- 1B IR, 2005,9(1),32-38.
TRZE, =0 R & B TR A SR e
ARE 2SR FE [T ] - K R AR FEIE R - 2007, 27(2) . 87-90.

ZE BV, ZEE N, 2532 Jp, % ST SPOT VEGETATION %04
AR X B 55 AR LR R [T ] T 3 X B 5 3R 45, 2007, 21
(2),56-59.

15 BOR VR » KA - SRS AN SV Bl % 3 4 v s A
BRI [J]- P ERFE.D i HBERELAE, 2007, 37(11)
1504-1 514.

TUCKER C J. PINZON J E. BROWN M E. et al- An extended
AVHRR 8km NDVI dataset compatible with MODIS and SPOT
vegetation NDVI data [J]- International Journal of Remote Sensing »
2005, 26(20), 4 485—4 498.

ZHOU L. KAUFMANN R K, TIAN Y. et al- Relation between
interannual variations in satellite measures of northern forest
greenness and climate between 1982 and 1999 [J1- Jowrnal of
Geoplysical Research, 2003, 108(D1), 4 004.

MYNENI R B, KEELING C D. TUCKER C J. et al- Increased
plant growth in the northern high latitudes from 1981-1999[J].
Nature, 1997, 386, 698=702.

TRz AN, B4 A 45 3 20 A [EAE TS BhAE B 0
[1]- FPIERRSE .G i A A2, 2003, 33(6) . 554-565.

FREAE - T0 5 7 AN 5] 3 55 X K P 1L RS B (] s B AT
5%, 2007,26(3) ,508-517.

VRARLCs - BRI 2 e ) IXC [ ) AR 98 T 7 A AR A I
HREE )] AR R 2004, 14(7), 787791,

Ei R FR 5 2T 00 KUK SORALY K 045
IKSOKBEFROTAFFE[T] - o K AR R Rl 22, 2005, 3(4) . 6
10.

(FEmB FH)



