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Abstract: Due to grassland degradation and expansion of desertification, the Northern China continuously suffered from
several sandstorms in the spring of 2000. In order to control the desertification trend in Beijing and surroundings and
improve the ecological condition and environment in Beijing-Tianjin Sandstorm Source Region ( BTSSR), the Chinese
government launched the Beijing-Tianjin Sandstorm Source Control Program in July 2000. This program has been working for
thirteen years. However, it is unknown that how the vegetation and ecosystems were restored and whether or not the program
functioned in the BTSSR. It is necessary to assess the effectiveness of this program. The assessment deals not only with the
changes of vegetation cover in the ecological vulnerable area, but also with the effectiveness of the policy. The objective of
this study was to analyze the spatiotemporal characteristics of vegetation cover changes and the factors that affect the changes
in the core control area of the BTSSR using the time series of normalized difference vegetation index (NDVI) derived from a
Moderate Resolution Imaging Spectro-Radiometer (MODIS) product MODIS02B for the time period of 2000—2012. Linear

trend analysis, standard deviation, Hurst index and correlation analysis were employed. Results showed that (1) During the
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past thirteen years, although annual NDVI values fluctuated slightly, overall there was an increased trend of vegetation
cover in the BTSSR with the coefficient of determination: R*=0.70. The NDVI value increased with 0.01 per year. In 2012,
the maximum NDVI value reached to 0.324 and increased by 135.62% compared to that in 2000. However, the change rate
and degree varied from place to place. The greatest increase of NDVI took place in the Northern arid area ( Bbghq) , then in
the Hsdk area (Hsdkq), and the vegetation cover was relatively stable in the agro-pastoral ecotone ( Nmjcq); (2) The
annual NDVI values in the BTSSR varied spatially. It was found that as elevation increased, the average NDVI increased at
the beginning, reached its maximum and then decreased. The minimum value 0.257 was mainly distributed in the areas with
elevation of 1000 to 1500m. The NDVI values also increased as the increasing slope; (3) In the program region, the area in
which vegetation growing showed improved was obviously larger than the vegetation degraded area. There was an area of
94.31% in which the vegetation cover statistically increased significantly at a risk level of 0.1. Hurst index analysis showed
that in the sandstorm control area, overall the vegetation showed growing and the vegetation cover continuously increased.
The total area of vegetation growing occupied about 64.48%. The results of comprehensive analysis implied that in the
program area the vegetation showed a tendency of healthy development. But, it had to be pointed out that there was still an
area of 35.3% in which the vegetation was continuously degraded or only slightly improved; (4) Human activities,
especially ecological restoration, were the main factor that drove the increase of vegetation cover. Among the natural factors,
precipitation was critical because it limited the growth and spatial distribution of vegetation in the BTSSR. The effect of
temperature was relatively weak. All the findings greatly enhanced our understanding of how human activities impacted
vegetation cover in arid and semi-arid environments and provided scientific guidelines for the management of ecological

restoration programs and future directions.
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% invariable & non-significant;ca; IBft5 i3 degraded & significant;cb; IR 57N 3 degraded & non-significant

ST X3 A AR A A 5 B oY X R AR —
AR AR LA 25 5 AT R XA B 7 5 5 3
e Y T AR B K, 2905 99.74% , Hodh g HoaEad @
ARG B0 Y X I 2% X R AR A 98.29% 5 1 IR T
X A HE X 50 1)l 89.93% .89.53% , H& AR TR
DX % 7 5 DV R 3=, AR AR X A T AR 4
661.25 km”, i HEAVGEL X LAY 0.70% , HHHR L
DX v A A b T R R R VD AR TE B X Y -
JEE TR R AE T T SR R AT, DA RV IR iR B IX
A CUMRZE L | T RA L | 57 2R R TR A b X, 3 5 N2
TR — R AR, M XA o e, T i AR
NTE YK 237 VA
2.2.2 NDVI Zfb e o i

P A5 HE 22 28 X A1 Aregis10. 0 &K 14, 45 &
MODIS NDVI & % £ 85, 23 B 52w XUV 8 v 3 X
2000—2012 4F a7 55 28 b 1 SRR IE (& 5)

SO VD VA FL X 2000—2012 4F A1 9% 7 o5 b A
ZF 0.004—0.282 Z A, BIK R m s fEL,
H IR SR /D B RA A HE W 7 o e E R A AR
W2ES, AR R EBRREN . (1) S IX (&
) 3% 3 A TR I IEIE PRI, 5 A ok
XEEARY G BT 7 LLE R K, 297 98.58%; (2) B

>»z
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Fig.5 Standard deviation of NDVI changes in BTSSR from
2000 to 2012
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VUF- T S, 5L A S BE B 0 A R AR R R X
FE

SrX G R (35 2),2000—2012 4F 3 411X
DR T 5 B A S b R 2L, w5 D 30 X EL B3 35 7
97% LA L, 5 94 HH X R A0 K 2 PR R 1) X 30 A
PRRF—30, FR BT 5 XA B AR fh B i i 2
I BN XA 98.96% ; HUR S AR A8 48 X RN 5 34 e

X, 535 h 98.62% .97.98% . 43 Hral i, o T 13
AR R E M AR R MR P RS ER IR LA
KA RS TR B i #E 3N, I6 38 XA w7 75 %
WARSE RS IR BT 5% | R G Ae e PE W] i 1 o
FIAE IR S A% B A  FF MODIS NDVI Kk 3t il
TR B Bl | 10— A UE A P IXRE B A3 #4 S4B 5 A
AfEPE,

2 2000—2012 £ NDVI FAEREL R
Table 2 Statistical result of NDVI standard deviation simulated from 2000 to 2012

FEITFIX IR TEIX PR IX SYEN

o473 Northern arid area Hsdk area Agro-pastoral ecotone Total
Rank T AR et [ ER1] [ ER 1] (IR ER1]

Area/km? Percent/ % Area/km? Percent/% Area/km? Percent/ % Area/km? Percent/ %
< 0.010 18.75 0.01 26 0.02 3 0.01 47.75 0.01
0.010—0.015 111.25 0.06 210.50 0.16 34.75 0.07 356.50 0.10
0.015—0.020 338 0.17 647.50 0.50 96.50 0.21 1082 0.29
0.020—0.026 1581.5 0.80 1731 1.34 508.25 1.09 3820.75 1.02
> 0.026 194641 98.96 127059 97.98 46050.75 98.62 367750.80 98.58
2.2.3  NDVI ZALRYFFLerE o i SR FEBOE 55 P 5 3 MRS SR AL (B 530

iz FHETHEX D HiL X, 2000—2012 4E /9 NDVI 53
T Hurst 850, 045 TR X NDVI 28 {52k P 25 (]
4345 (B 6), Hurst {E 5% 0.234—0. 884, #J i
0. 533, A Hurst 3850/ T 0.35 A4 X el 1 BN 5 1 5%
XN 0.4% , 22 B 50 XD 3 2 3R B IX NDVI
B R SR AR 55, FEAR 1T DL 20, 0K Hurst {H

z N
S
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o
<
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(=3
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Bl 6 2000—2012 FEUERHEIX Hurst 35507 853 75 B
Fig.6 The spatial distribution of Hurst index in BTSSR from
2000 to 2012

H:< 0.5,0.5—0.65,> 0.65,

MEEAR L 53 Ar 36 38 DX HLAT rh R 2 1 1 X 3k i
FHUN 212639.50 km® | 5 A H X R LAY 57.00% 5 H
PN SSFRR SR X, 7 B AR AY 35.52% ; A 2E PR IX
2 5 R TE AR 7.48% 33X B A B Hh s RS M
i — 25 10 B A A U KU o 5IA B XA A AR
W R BRSNS Hi &, SR EE S 1 7 5]
(ko) b A T rh A B MO R T, AR BB A
R DU R W oI T IR A DLV R
PRSI /R 3 (5 ) i R AR A X

MBI AT R (36 3) RS HE X T 5K 5
X A6 T S X A9 Hurst $82043- 518 0.59 ,0.55 .
0.51, R A HE X 1Y KRS NDVI £ rpr s :F 22 1 4
Ik, —H AT Rk 88.72% s HOR BV R X,
R R L 75.97%; B T ALE T R IX,
PEHE— 20T B, 4 DR 2 90 1 55 rh KR L PR RRAE
XK B, AR O B X A 38 R Go ke, R &R 1
5, R I T A AN X, iR R X (A
TR0 R 5 ) A SIS e 5
(14 1 DX, T4 Sk Bt 2 Mol 7 A A TR (4 o R
T35 R T (AR S e 4 2 TR IR Sin #rh
o7 B 5 ST SR IZ X A S R S SRR e
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%3 2000—2012 £ Hurst IEHER S X Git
Table 3 Region statistical result of Hurst index simulated from 2000 to 2012
TR IX HEHIR X P IX JEREN
LEgf Northern arid area Hsdk area Agro-pastoral ecotone Total
Rank [R5 LAl T LBl [ L il R Lt il
Area/km? Percent/ % Area/km? Percent/ % Area/km? Percent/ % Area/km? Percent/ %
<0.25 1.25 0.00 0.75 0.00 0.25 0.00 2.25 0.00
0.25—0.35 1065.50 0.54 328.50 0.25 83.50 0.18 1477.50 0.40
0.35—0.50 95021 48.31 30831.25 23.78 5181 11.10 131036.00 35.12
0.50—0.65 97609 49.62 84521.25 65.18 30493 65.30 212639.50 57.00
0.65—0.75 2981.75 1.52 13743.25 10.60 10644.50 22.80 27370.00 7.33
> 0.75 12 0.01 249 0.19 291 0.62 552.00 0.15

2.2.4 NDVI 2kt Btk SRS L5 & bt

g e — AL R 5T XUV Ml XA o 7 5 AR A
PO VE B — e MERLA 1 Slope 15 Hurst
fEBO AL R AT & Mo, 15 3] 2000—2012 4FE4E
PR RS S A (B 7) 350 9 FIEIE .

46°00'00"N

44°00'00"

42°0000"

190 180  270km

40°00'00"

108°00'00" 112°00°00" 116°0000"  120°00'00"E
el 0 22 A% G epdep ek
GRS ERSHE 0 23 R iRk
B0 12 BEE R RRSE 00 31 Mk sedh e
0 13RS saRE A w32 e g s
C1 21 A 555eE0: mm 33 03 5 meham:

B 7 ETHEHMET Hurst 3548 NDVI = B L 4FAE
Fig.7 The spatial change characteristics of NDVI based on the
Slope and Hurst index

GyBTEE 4 R 7 AT, SOHE XD 8 SR B XA
W AR A R R R L ok Sk i et MoE
Eh gt B Ak 5 55 S v AR IR T XA AL E
Fe 5K 7.45% 56.58% 1 0.06% , & i VA FE X A
TR 64.09% , 5 Hh JE A7 75 AR HROA i X RNV 3
IR IR PR IX ;AR R AN VA B X AR A, JoAT
Frei kb # 22 | L 2 0.57% ; F5 5 o F5 2 v i i3
AR KR ES R 2 P () U0 X (A5 6T , — 3 1 L2 A

ik 131598.75 km*, 2y 5 iGH X B R AR 35.27%, &
BRI IR T 5 iA B X A AR S ER AR I L T 2 Bk
FRIDHE I3 e FEA | 03 JE R 2 T | DU RN A R
LA, T 35 18 v A B XA IE B P OE W
KA DSFHEE DL K By 5 B IR Y0 T 25 b the A7 B dd 43 A1, 3
SR 40 B 5 XUV b XA B AR AR AR
I .

MIXE I3 A BB (3R 4) RS HE IXAEBLIR B
NP S8 O R B SR L & R L eSS4 R = 1
SaF et =& m A1 41099.75 km®, % X
SV 88.229% 3 HL R J& V8 35 3K v IX, L] £
75. 22% ; LT 5 X RSB F [ SR R A s A
PR A BE S 8555, AU N 51.07% , [R)INF, 55 55 S2 1k 1)
A RIS R 22 1 1 AR Ak XA A 5 O 7, %
DX S AR K 2 1 TP R 2, A4 ) 3 B XA
PRI IR TAE
2.3 FHE R AR I R A AT
231 SMmEHE

FHOCRIF TR I A B w AR R R AR R
AAZEIE S LR E A5 R . it — 2B R BT X
VO Hh X AR DY 7 55 AR Ak Y R R R AR T B A
IR BRI BB Z AT R R S5
A7 A CREERIFE 10 kmx 10 km) |, 5 54 55 , 3
AR 3536 NRE SRR BEIX 13 450k NDVI SFH4{H
5 R R AR E(ES) .

3 o I RE B NP ) e o < S XS e [ <
BEDT N ER A6 T 2GR EE B
0.797, FELIE I Ry iz X @ AL py + 2 2+ B KRG
PRI AEP AR DL R AE 5 R A A RV AR AR
Yok BT AR, P S AR T A2 |, RRAS
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Table 4 Region statistical results of NDVI based on the Slope and Hurst index
JEETFIX HEHIR X RBOEZHEIX PRI
sEgl Northern arid area Hsdk area Agro-pastoral ecotone Total
Rank R et [l e [T LA LA e
Area/km? Percent/ % Area/km? Percent/ % Area/km? Percent/ % Area/km? Percent/ %
11 36 0.02 121.75 0.09 65.75 0.14 223.50 0.06
12 57.25 0.03 159.50 0.12 51 0.11 267.75 0.07
13 6.75 0.00 19.75 0.01 6.75 0.01 33.25 0.01
21 120.5 0.06 389.25 0.30 217 0.47 726.75 0.19
22 132.25 0.07 877.25 0.68 282 0.60 1291.50 0.35
23 8.00 0.00 36.50 0.03 54.75 0.12 99.25 0.03
31 95931.25 48.77 30649.50 23.64 4982 10.67 131565.50 35.26
32 97419.50 49.53 83484.50 64.38 30160 64.59 211080.25 56.58
33 2979 1.52 13936 10.75 10874 23.29 27789.50 7.45

11, B 55542t Degraded & weak persistent; 12 B S h sk Degraded & middle persistent; 13 B 5 Rt Degraded & strong
persistent; 21 ; A5 55 HFLEVE Invariable & weak persistent;22: AE 5 F145 42 PE Invariable & middle persistent; 23 ; NS B3RS Invariable &
strong persistent ;31 ; s S g st Improved & weak persistent;32 . Yt 5 rh s Improved & middle persistent;33; s Sam stk Improved

& strong persistent

#£5 FERDHEX NDVI 5EENIETFHEXRE
Table 5 Correlation coefficients between NDVI and effective factors

in BTSSR

20 AT Influences

TRFRIX ZZ 10 50 km , & XA G F X, 43 0 358 486 57 b 5%
R A DR 2R AR T A LR (X SR A T AT (2 6)
21 224, = A4 XAk NDVI %3k 541K,

. e ok Hep LT R IA T X AR 0.079, B 50 H Kb

Temperatue Precipiation DR 2E 5 TR, b 52 R R TS,
zgig . e " HOYD AL 25 B M, 47 25 NDVI 9 5 5 (R g2 9
S N o host Fhs . WL 2012 4 A FECHTBER i NDVI 4K
A Total 0.076 0.751 TR AR ACHE X 0.382 V3R 51X 0.345 LT

# % o 7E 0.01 ZKF-(CRUI) |- i 3

HEBY7E 55 B A Ak Ry, kS T 4 Y 4 R KO AR
DU R R AR 5 A AR ) F2 20K 3 R, 5 AR SO o2 45
W8 IR BAE RS B e B 1
FE D B TR P X R AN B R, 5 TR X AR
] NDVI AYHHC R BN 0.076, 16 WA AE B 7 15 5
FERR I YOG R T U, (EASE SRR, LT 5
DA B AT o 5 A B S R 2 A TR O, T REE TR R
P DCAF R AR 1 (R AT Ay, AT 3 T -k v 1K
232 ARG

CA MR R, A A 1A R, A
ST Bl XA 7 T AR A A AR T ER T
DIXE NG sh AT Ak, 288 32 2N TR G B A AH
B AN O TR N ZS 0 8l ) Ak 7 55 AR R 5
Wi, MAHTTE Y NDVI 38 B A4 R E , mtid A b A
TAFEIX 2000—2012 4 1AL AR A AR 38 3=, Ry if
2 2 R oW NS (I DORER 5 &l e R AR A I %

FIX 0.240, B & FIER X A 0.292,0.234,
0. 143 ;38 K K Jy i, 34 B X AR ) b &8+ £ X
204.23% VF ik 7 X 188. 87% . A& #h 3T 4 X
155.55% , W1 @& T AR R FEIX 4 55. 87% . 89. 44% |
103. 48% , FI WK B R0 8 3, e i 2 L3+ 5 X A
PR L et i — DA T R R AR S TR B
IR IE [ EH

PEHRIE , H 2000 4F 6 H mUE R IR A TR 5
LA 38 R BT L T b (7)) 5 Ak IR BR A A
TR R AR KR T AR A SRS A TR
it , 16 PR X AR A S B 0 D B8 B B sk, - vk
Je AR EIA RS, IR E] 2010 4 IR FEX Bt
SE BB BRA AR A AR 6.00x10* km? , /N LS G
PE1.18x10% km? SRR 17 T2 N, FRbRE 15 R 12
2] 15.02% , A= A PRI AL ) #a F A5 2 Rl
ARFCRE B 7 o 0 0 3 4 ey, Ry € TR 11 B 28 T
EH T EE TR, EAEENE, TR ASHE
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17 FERGE A5 2000—2012 4 5 EE XD IR T B DR B 7 5 e s T AR R AR 5017

RT3 e 55, O @R A THE B K 2 4bF h 4y it
1, BB (B P LR — R R 22, R 5 2 B Ah
FEINSE R SERN T A A 10, R 2009 4F, TR X H
HIFAEBRA VL 1 H AL 541.27%10* hm® | LAMAF

RTEFR A R BT 5 B RO 1 BT 55
HOARE A, Ok — 2D st mUEE b X A A 2 3
& R IR B, AU S sUH UM EE B T TR

F6 FERIVERAEREHBETLREITHFE
Table 6 The statistics of vegetation coverage changes in BTSSR

LA HX IR LIX PR ICHEIX
i H Northern arid area Hsdk area Agro-pastoral ecotone
Ttem IRERX JEIRFEX TRHEEX JEIR X IRERX IR FEX
Control area Non-control area Control area Non-control area Control area Non-control area

2000 0.08 0.09 0.12 0.12 0.15 0.14
2004 0.21 0.11 0.24 0.17 0.33 0.22
2008 0.22 0.12 0.29 0.21 0.35 0.24
2012 0.24 0.14 0.35 0.23 0.38 0.29
H4{H Mean 0.18 0.12 0.25 0.19 0.30 0.22
FrifE 2% Standard deviation 0.06 0.08 0.08 0.04 0.090 0.05
K Increase rate 204.23 55.87 188.87 89.44 155.55 103.48

3 Fit5iTie

3.1 45ie

AR SCLA s R U R HE X O RS 4 i
FH 2000—2012 4E#4 MODIS NDVI I [i] 75 41 55088 ,
ANTR]Ff BE 43I T DX 7 5 ) s 2 A6 S R AR R
BRI NI B A0 R T e A g T AL P A/
DUBIA X B0 A 25 3 58 1) O 40 5 A B AR 2 ik i
WFIE R .

(1) ] 437, 2000—2012 4F i) 5T H X 7»
A B DR B A AR R B L (R =
0.7045) ,AFEI4H8 53 35 0.0108/a, T 1516 B XA HEIK
SORBLLA BAER 3 ;3 ASF X NDVI AL a3 576 71
DB R — B, (R AR Al R A B 4 S L T 2
DX o P bR VR R v XK, R T A
AR A B X AR B K NDVI AH XS F2 2, NDVI 390 %
1 23] b G FRIXAE NDVI -0 5 00 b ik T
FH S G218 vl I 14 I a3, Fe/Iy NDVI {H (0.257)
S3 A E 1000—1500 m v [l 5 3 5 77 1w, 3R 30H BH
SN PS <=

(2)2000—2012 4 50 HE 76 B X b 26 48 B Pk
SRR 3 o X 2 ST R Y 98.92% , FEAR
AR X IR 25 0.38%, 1B Ak X 3R AY (5 B i R Y
0. 70% ; Herp 152 ok HLl i 2 Z R (P =0.10)
B X ek 2 o5 R R AY 94.31%, 1R FE X 2000—2012

AEAERE SRR R I m U sl E 2, R s >
(R S R RS PR TR B 3 1 b 25 e

(3) Hurst 880087 W7~ , X116 31 XA ¢ 28 1k
SR TR RS R, LUK 64.48% , ARk HA H
FRFEVELR G o B 2R W, U6 3 DR B A8 A DL RV &
JE R R ) R s R M A AR A DX 55 48 2 1 1 el
HIXAEAF U, &A1t h 35.27%, £ R A 7T
8 5 DX P 2R R S TR A R A L X

(4) NG Bl 2 Ut XD b DX 4 7 55 4R 00 I
PR R FEAK B R 2R A AR Bk 4
R Hl XA B A IR R BB R R, L
FELAT 520 A0 T 5 0R 8X T B Y 52 ) AH X
32 ihg

T Rl AR S RGN B AR E K L R
FRUR T R AR X AR 28 R e i 55 7 T R 7
FEEAEAY Mk E SN R
H AR RN PR 28 P A RN B 7K A Ry A B2
(A R 2R, WA SRS AR 174 A 1% A8 AL AN A R B
HLAFAE— 52 1) SRR 5 3 )

I TR X AR R K B SR 5 47y 2 ] i [ )5 43
Br ([ 8) 7w, 3 50 4F 5t 1l X 4 7R 4 22 2218 T B
S AR TR K 11.93 mm/10 a; i 45 F- <R
A BEFR/NE T, 16 PRI R IR T & R
s RINy . RIEE KT R A A T R AR, 1
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Fig.8 The climate changes in BTSSR from 1958 to 2012

PR AL M 2 — R R sh &g /R, AL A
SR IR Z NS AN [ 4 o 7 i ) P R A — s 2 I T
N 8l CRe il 2 A B I A R 8 ) 7 — e 2 B
'FF'JZ’JT#E%)&?%Z% P 1R XK R DA B
YA R | 2 T AR 0 S O DX ) L A B OR, E
ﬁfﬁ%%ﬂﬂ‘]ﬁij@ﬁﬁo A AT, i
IEF PP AR S R G RE N, AL AR A S
T BB BYK S A R), 78 — 35 55 R i 22 T8] 4 1
JSEARAEE S AR KA TE A E A

References:

[ 1] WangQ, Zhang B, Dai S P, Zou Y, Ma Z H, Zhang Y N.
Dynamic changes in vegetation coverage in the Three-North Shelter
Forest Program based on GIMMS AVHRR NDVI. Resources
Science, 2011, 33(8): 1613-1620.

[ 2] Tian QJ, Min X J. Vegetation index research. Advances in Earth
Science, 1998, 13(4) . 327-333.

[3] WangJ, Li BL, Yu W L. Analysis of vegetation trend and their
causes during recent 30 years in Inner Mongolia Autonomous
Region. Journal of Arid Land Resources and Environment, 2012,
26(2): 132-137.

[4] YinH, LiZG, Wang Y L, Cai F. Assessment of desertification
using time series analysis of hyper-temporal vegetation indicator in
Inner Mongolia. Acta Geographica Sinica, 2011, 66 (5):
653-661.

[5] SongF Q, Xing K X, Liu Y, Liu Z C, Kang M Y. Monitoring

and assessment of vegetation variation in Northern Shaanxi based

on MODIS/NDVI. Acta Ecologica Sinica, 2011,
354-363.

31(2):

[6] QiuH]J, Cao M M. Spatial and temporal variations in vegetation
cover in China based on SPOT vegetation data. Resources
Science, 2011, 33(2) . 335-340.

[ 7] CaiBF, YuR. Advance and evaluation in the long time series
vegetation trends research based on remote sensing. Journal of
Remote Sensing, 2009, 13(6): 1170-1186.

[ 8] Park HS, Sohn B J. Recent trends in changes of vegetation over
East Asia coupled with temperature and rainfall variations. Journal
of Geophysical Research, 2010, 115 ( 14 ), doi: 10.
1029/2009JD012752.

[ 9] PiaoS L, Wang X H, Ciais P, Zhu B, Wang T, Liu J. Changes
in satellite-derived vegetation growth trend in temperate and boreal
Eurasia from 1982 to 2006. Global Change Biology, 2011, 17
(10) . 3228-3239.

[10] Wang X H, Piao S L, Ciais P, Li J S, Friedlingstein P, Koven
C, Chen A P. Spring temperature change and its implication in the
change of vegetation growth in North America from 1982 to 2006.
Proceedings of the National Academy of Sciences of the United
States of America, 2011, 18(4); 1240-1245.

[11] Sun Y L, Guo P. Spatiotemporal variation of vegetation coverage
index in North China during the period from 1982 to 2006. Arid
Zone Research, 2012, 29(2) . 187-193.

[12] Li X P, Zhang F P, Hu M, Wei Y F. Analysis of the regulation of
spatial-temporal variation of the vegetation coverage based on
SPOT NDVI Data-a case study in Northwest China. Agricultural
Research in the Arid Areas, 2012, 30(5): 180-184, 199-199.

[13] Zhang L Z, LiM, Wu Z F, Liu Y J. Vegetation cover change and

http ; //www.ecologica.cn



17 #5

JERE AF . 2000—2012 4F 5 EE RS IR T P XM B 2 55 R 28 VAR AR

5019

[15]

[16]

[17]

[19]

[20]

[21]

[22]

[23]

[24]

its mechanism in northeast China based on SPOT/NDVI data.
Journal of Arid Land Resources and Environment, 2011, 25(1) .
171-175.

AnY Z, Liu C S, Shi R H, Gao W, Yin J. Spatio-temporal
analysis of the vegetation changes based on MODIS time-series
data in the Yangtze River Delta region. Ecology and Environment
Sciences, 2012, 21(12): 1923-1927.

Sun H, Bai H Y, Zhang Q Y, Luo X P, Zhang S H. SPOT
VEGETATION-based analysis on vegetation change and its
responses to temperature in the southern region of Qinling
Mountains during the last decades. Acta Scientiae Circumstantiae,
2010, 30(3) : 649-654.

Stow D, Petersen A, Hope A, Engstrom R, Coulter L. Greenness
trends of Arctic tundra vegetation in the 1990s: comparison of two
NDVI datasets from NOAA AVHRR system. International Journal
of Remote Sensing, 2007, 28(21) . 4807-4822.

Ma M G, Wang J, Wang X M. Advance in the inter-annual
variability of vegetation and its relation to climate based on remote
sensing. Journal of Remote Sensing, 2006, 10(3) . 421-431.
Fan N, Xie G D, Zhang C S, Chen L, Li W H, Cheng S K.
Spatial-temporal dynamic changes of vegetation cover in Lancang
river basin during 2001—2010. Resources Science, 2012, 34
(7). 1222-1231.

Xu J H. Mathematical Methods in Contemporary Geography. 2nd
ed. Beijing: Higher Education Press, 2002, 27-35.

Xie P, Chen G C, Lei H F. Hydrological alteration analysis
method based on Hurst coefficient. Journal of Basic Science and
Engineering, 2009, 17(1) . 32-39.

Jiang T H, Deng L T. Some problems in estimating a Hurst
exponent-a case study of applications to climatic change. Scientia
Geographica Sinica, 2004, 24(2) . 177-182.

Wang G G, Zhou K F, Sun L, Qin Y F, Li X M. Study on the
vegetation dynamic change and R/S analysis in the past ten years
in Xinjiang. Remote Sensing Technology and Application, 2010,
25(1) : 84-90.

Li S S, Yan J P, Wan J. The spatial-temporal changes of
vegetation restoration on Loess Plateau in Shaanxi-Gansu-Ningxia
region. Acta Geographica Sinica, 2012, 67(7) : 960-970.
Zhang G L, Xu X L, Zhou C P, Zhang H B, Ouyang H.
Responses of vegetation changes to climatic variations in Hulun
Buir grassland in past 30 years. Acta Geographica Sinica, 2011,
66(1): 47-58.

Cui L L, ShiJ, Xiao F J, Fan W Y. Variation trends in vegetation
NDVI and its correlation with climatic factors in eastern China.
Resources Science, 2010, 32(1): 124-131.

LiMJ, Hu XY, Ying L L, Lu X, Zhu M M. Spatial-temporal
dynamics of NDVI and its response to temperature and
precipitation in the Yellow River delta during the period 1998—
2008. Resources Science, 2011, 33(2): 300-327.

[27]

[28]

[29]

[30]

[31]

Sun Y L, Guo P, Yan X D, Zhao T B. Dynamics of vegetation
cover and its relationship with climate change and human activities
in Inner Mongolia. Journal of Natural Resources, 2010, 25(3) .
407-414.

YuX X, Lu S W, Jin F, Chen L H, Rao L Y, Lu G Q. The
assessment of the forest ecosystem services evaluation in China.
Acta Ecologica Sinica, 2005, 25(8) . 2096-2102.

Feng Y Z, Liu Z C, Liu Q, Cheng M, Yang G H. Temporal and
spatial characteristics of dry climate in rain-fed farming area of the
Loess Plateau. Agricultural Research in the Arid Areas, 2011, 29
(2): 218-223.

EY H, Shi Q, Ma Y P, Guo J P, Xiao Z L. The impacts of
future climatic change on agricultures and eco-environment of
Loess Plateau in next decade. Acta Ecologica Sinica, 2011, 31
(19) : 5542-5552.

Li D K, Guo N, He H J. Vegetation change and its relationship
with climate in the region along the Great Wall in northern

Shaanxi. Acta Ecologica Sinica, 2007, 27(11) ; 4620-4629.

S 30k

(1]

[11]

[12]

[13]

[14]

[15]

Fuk, K, BOEM, 48N, HrhAE, SKIET. JET GIMMS
AVHRR NDVI $d i =t By bk T2 X A Bl 3L 35 20 72 1k
YEERLE, 2011, 33(8) : 1613-1620.

HRA, BIRRZE. AR AW o i . b Bk Bl 30 J2 | 1998,
13(4) ; 327-333.

T8, ZEGEAR, A07HL T 30 R NS AR XA R R A
Ko 2. TRIX RS HER, 2012, 26(2) ; 132-137.
BEB, R, AN, #Am. ST R P A A BRE (1 N 5
B IEM. M 2EHR, 2011, 66(5) : 653-661.

K, WAL, XIH, XI&E, BEFEE. 5T MODIS/NDVI
OBt XA S A W S5 1E . AR A2 3R, 2011, 31(2) .
354-363.

B 7S, AR, 2T SPOT VEGETATION %4 i v [ i
A AR AT, BEIERLSE ) 2011, 33(2) @ 335-340.
BRI | Pl BT IR R AR A B R SRR B 5 R B
A, SBEFAR, 2009, 13(6) ; 1170-1186.

IMEFS | M. 1982-2006 A AL AR % 45 B0 a5 AL FRAE. T
BXHF5E, 2012, 29(2) : 187-193.

ZEJBA, KA, WA%E, BUKIF. 55T SPOT NDVI YRIHH o5
A2 S AR R AR T —— AP AL LA M ). 5t R AR 5T
2012, 30(5) ; 180-184, 199-199.

KR, 2=, RIEJ, XA, 5T SPOT NDVI 1y E 7Rk
H A WU 15 S A A A K LB 5. TR X R S IR,
2011, 25(1); 171-175.

AR, XA, MR, S, B, BT MODIS B R 4dE
AR T = A U e XA 7 35 Bt s B Ak A T, A S IR BR 2R 4
2012, 21(12) ; 1923-1927.

IME, [ LLBE, sk W, #ERT R, K4 BT SPOT
VEGETATION IZUIA R YT 10 AF A A H 8 o5 A2 fb K xR

http ; //www.ecologica.cn



5020 A R 34 %
FERYIA N FREERL223R, 2010, 30(3) : 649-654. RIS S A5 - 1 #5643 . BRI AR, 2010, 32(1):
[17] SWE, T, TEHM. 3T 8BRS I 5 S 124-131.
KRR, IR, 2006, 10(3) : 421-431. [26] ZEWAZS, EVEEE, W22, BRiE, RIS 14 30 = A
(18] Gk, Wi, sk BT, Brje, 22304, Wit 2001 4R % NDVI 25 8l 25 B Hf 45 0 A1 A K B0 i 87 45 . % R ) 2
2010 418 76 VL At i 25 sh AR . BEIRRRE, 2012, 2011, 33(2) : 300-327.
34(7): 1222-1231. [27] PN, SBMS, HEHRAS, BARE. WE AW E B S
[19]  tRgde. MRHI = P B ik, 2 . dbat. % EE AR CNETE IR AR KB IR, 2010, 25(3):
Mitt:, 2002 27-35. 407-414.
[20] M7, BR)A, LR, T Hurst REAGK SR ST 07 5. (28] 4ilve, &4ifh, B05, PR, BEREE, RESTTs. o E AR
N FEERL 5 TARERLA, 2009, 17(1) : 32-39. BRGNS I REMN AL A5 4, 2005, 25(8):
[21] JLHBL, XBFESL. Hurst F8EUG T T A AE B T [ —LITE R 2096-2102.
AR AR5 v B 17 FH R 451 b ERRL2E | 2004, 24(2) ¢ 177-182. [29] kb, XUSH, X, s, Ao, B ERERK S
[22] EHH, AR, INF, 05, 2254, T 10a Hi8E i XA TR 2 FRAE 40 A7, T 5 4 XL AR 5T, 2011, 29(2) -
Wesh& 5 R/S b, @IEE AR SN, 2010, 25(1) : 84-90. 218-223.
[23] ZEX0W, SEFE-, JIAE. 3 10 SRR H 77 8 4 m B IX A i 7 25 [30] MRAWE, MidE, DFET, ST, HEH Kk 10 F8 L HE
s AR AR, HUBE2E4 , 2012, 67(7) : 960-970. SRR Al A S IR BE 2w, A 35244, 2011, 31
[24] SKEmE, MR, AT, sk, BRIA4E. K 30 4FR 48 I (19) : 5542-5552.
JIR DX b A A A S MBS AL R 7. B4R, 2011, 66 [31] ZEX0Rl, 9048, (A Ets. Bedb I ak Kb X R bl Hs 1k &
(1) 47-58. HESMBRRER. B/, 2007, 27(11) : 4620-4629.
[25] HAREN, s, i REh, L3S EAR S NDVI 728 fba 35

http ; //www.ecologica.cn



