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The analysis of the green vegetation cover change in western Sichuan based on

GIS and Remote sensing

YANG Cunjian'** | ZHAO Zijian>, REN Xiaolan', NI Jing', WANG Qin'

1 Research Center of RS&GIS, Key Laboratory of Land Resources Evaluation and Monitor in Southwest, Sichuan Normal University, Chengdu 610068, China
2 Institute of Geo-surface Information Technology, University of Electronic and Technology, Chengdu 610054 ,China

Abstract: A method for analyzing the change in green vegetation cover is proposed and applied to reveal the features of
change in green vegetation cover in the western area of Sichuan province of the P. R. of China between 2002 and 2008.
The western area of Sichuan includes GanZi, Aba, Liangshan, and Panzhihua. First, a time series of Moderate-resolution
Imaging Spectroradiometer ( MODIS) images acquired between 2002 and 2008 for western Sichuan were matched, processed
to remove cloud, and normalized. Second, the time series of the normal difference vegetation index was calculated as the
difference between the near infrared and red bands divided by the sum of the near infrared and red bands of the time series
of MODIS images. Third, a model for extracting green vegetation cover from MODIS images was formulated by spectral
analysis, and used to extract multi-temporal green-vegetation cover data from the time-series of MODIS images acquired of
western Sichuan between 2002 and 2008. Fourth, the multi-temporal green-vegetation cover data were used to determine the
temporal and spatial changes in green-vegetation cover between 2002 and 2008 using overlay and statistics analysis in
ArcGIS software. Finally, the correlation among green-vegetation cover, temperature and rainfall were analyzed. The
temporal and spatial changes in green-vegetation cover were deduced. In 2002, 43. 3 percent of western Sichuan was
covered by green vegetation for more than 195 days, 25.4 percent was covered for more than 285 days, and 4.3 percent was

rarely covered. Green-vegetation cover extended from southeast to northwest from January to August, and retreated from
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northwest to southeast from September to December. Vegetation in the southeast grew for longer than that in the northwest
during a year. The area of green vegetation in the study area varied largely by 20064 km’® , accounting for 6.6 percent of the
total study area, in the spring between 2002 and 2008. The area of green vegetation in the study area rarely varied in
autumn between 2002 and 2008. The decreasing order of the area of green vegetation between 2002 and 2008 was the area
for summer, autumn, spring and winter. The maximum area of green vegetation between 2002 and 2008 was 289037 km” in
the summer of 2006, accounting for 94. 9 percent of the study area, and the minimum was 137193 km’ in the winter of
2005, accounting for 45 percent of the study area. The average of the difference in the area of green vegetation between
summer and winter from 2002 to 2008 was 142224 km’ | accounting for 46. 7 percent of the study area. The green-vegetation
area was significantly related to temperature and rainfall at the 0. 01 confidence level according to season. Correlation
coefficients were respectively 0. 82 and 0. 84. In summer, the vegetation area was significantly related to temperature at the
0.01 confidence level. Increasing temperature and rainfall are beneficial to vegetation growth. With the combination of
light, heat, water, fertilizer and soil data, the spatial and temporal features of green-vegetation cover obtained here can be
used to determine a methodology for improving the area and number of days of green-vegetation cover. The results presented

here are important for improving vegetation growth, agriculture productivity and ecological construction.

Key Words: Western area of Sichuan Province; extraction of green vegetation; remote sensing; dynamic change
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Fig.1 Schematic diagram of the study area
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Fig.2 The distribution of green vegetation cover of each period in 2002
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Fig.3 The distribution of green vegetation cover of the western
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G SR HBUE 195285 d; K H AR X 5 24. 1% , 1% X G 4% 78 35 10 H 807E 285—341 d; % & X 5
1. 3% , %X 47 55 19 HBUTE 341—365 d, H A LA B 8zl X R 3=, 5 38. 8% ; vk & H Bt gl X
17 23.9% . FT3UMN DAr H A X 3 i 51 1% s HROR K H B EIX, 15 19. 6% . I Ll DA H Bkt
X R, 15 38. 7% , HUOE K BBk X, 5 37. 8% , KA LI H Bk X o 3, i 57. 5% , Hopo&
K HEEHIX 5 27.3%

F1 2002 F£)IBFE ST

Table 1  The statistics of green vegetation cover of the western Sichuan in 2002

JNVEHIX

S M T B ST
- FHARA eutorn Sichuan M B350 B AT
. Green
Green vegetation . HWH E mWH E mWH E A E [N [Ep 4
vegetation
cover area cover days Area  Precentage Area  Precentage Area  Precentage Area  Precentage Area Precentage
/km? /% /km? /% /km? /% /km? /% /km? /%
43 SRR IX
VERRBIX 0 12974 4.3 10018 6.6 2756 3.3 186 0.3 14 0.2
No cover
i H A HIX
%,u HR L 1—100 45446 14.9 36308 23.9 7466 8.9 1499 2.5 173 2.2
Short days
WG X
EP.EIRL%%EI: 100—195 114312 37.5 58925 38.8 43050 51.1 11603 19.1 734 9.5
Middle days
< H B
P HERBEX 195—285 54413 17.9 15877 10.4 13457 16.0 22978 37.8 2101 27.3
Long days
K [RGB X
KRB 285—341 73392 24.1 28927 19 16531 19.6 23510 38.7 4424 57.5
Longer days
A gt 1
ALK 341365 4116 1.3 1948 1.3 952 1.1 964 1.6 252 3.3

Nearly all the near

3.2 2002—2008 4E[H] i gk A8 4k o B

FENVG 7 41 DU 2 (0 S o S5 0 S6mt L e LA 2Rl B, DL A4 I S il AR W, Sl 78 A e K
HEHR/MEZ 2, HERMEE 2 Fin, WE2 hufLIE W 7 a 0], S6p A R KRBV BT HES N - 2 |
B BREMEE B S AFBPORIRZ 200 T BIE R 142224 km®, T2 IX ST 46. 7% ; e K22 (E I
£ 2002 4, /N A BLAE 2008 4F ; HAR [a] 5 KAZ MR 10436 km®, 7F 7a [0], F 2 FE 4 ALl 201619
km? , (5 AT 966, 2%  FLAF (8] 55 R AR 1R 420064 km? 5 B 25 - 1 43 9k 16 FL 028494 1 km? | (5 3 T L1

£2 2002—2008 £ )I| i X U254 E R/ km?

Table 2 The area of green vegetation cover for each season between 2002 and 2008 in the western Sichuan

S Year %ﬂé HE B 539‘% gl
Spring Summer Autumn Winter Range

2002 208561 288849 273750 141286 147563

2003 195823 284170 281731 142501 141669

2004 209834 282165 281238 143092 139073

2005 191437 278589 278161 137193 141396

2006 201666 289037 280939 143848 145189

2007 192514 286964 279201 143411 143553

2008 211501 284814 280176 147687 137127

I Mean 201619 284941 279314 147687 142224
He/IME Min 191437 278589 273750 137193 137127
e RAE Max 211501 289037 281731 147687 147563
brifii2 Std 8500 3760 2746 3141 3558
A5 IE Range 20064 10448 7980 10494 10436
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TR/ N BUAE 2005 47, F 2 A ZR i KGR R BIL7E 2008 4F, 5 2= 4k 11 AR o K BFE 2006 4, Bk
LR B AR R BLAE 2003 4F, 2 H 40 E B/ BLAE 2005 47 BK 2R/ BAE 2002 4F, & i
/NHERAE 2005 4, TE 7 a 8], FESGGBVER R, HRORLAZME Nk, Bk L F N R
e T AR H I F g T R — 2 A

3.3 2002—2008 AF[H] 1 £k 5 il BE F R I 0 AH DG o Bt

£ 2002—2008 R[], 735 Geit =M —mi 9 A A, I35 LR 2215 0] 430 i W S i+ 2= B{E, B —
T2 AR A )1 P b DX 2 Y PS4 R 2 N H S B i, A3k 3 R, ZERRAE N, )1 75 4% 2R 1T AR
5 IR NV B RN P A S-S B S A TR DGR 3B, DTS 30 45 A7 10 AT PR il TR 5 H U R R TR A5 A A
KRB, NFR 4 PR, £ 2002—2008 4F[A] g RE— 221, X% 22441 19 g 10 AR5 LX) 7 1) 28 P T 340 7
2R P H P8 8 St A7 R DG A3 AT, A5 300 4% 2 1 A1 1) g i 1 AR YR AR TR S A DG R AR, ke 5
B,

R3 2002—2008 | FEUEFEHBEESERE

Table 3 The temperature and rainfall for each season between 2002 and 2008 in the western Sichuan

P #7Z Spring K2 Summer 2 Autumn &2 Winter
Yei g/ C W&/ mm Bz C W& T/ mm Bz C FE& T/ mm Bz C W&/ mm
Temperature Rainfull Temperature Rainfull Temperature Rainfull Temperature Rainfull
2002 13.13 40.46 18.74 155.76 11.54 65.01 4.34 4.77
2003 13.34 39.83 18.43 156.28 11.84 67.38 4.11 4.35
2004 13.28 39.30 18.22 155.43 11.89 65.18 4.19 3.87
2005 13.41 38.23 18.22 154.31 11.88 68.94 4.17 4.82
2006 13.50 38.73 18.88 151.48 12.05 69.87 4.27 4.46
2007 13.38 37.79 18.72 152.84 11.74 65.15 4.19 5.44
2008 13.28 41.56 18.53 153.63 12.10 66.50 3.90 6.28
x4 BEEENFHAREHEEMERNEZHEXRE
Table 4 The correlation coefficient of the green vegetation cover area, temperature and rainfall for each year

B3 4 Year

Correlation coefficient 2002 2003 2004 2005 2006 2007 2008

e T AR R AR DG R B

Correlation coefficient of the green vegetation cover area 0.858 0.799 0.817 0.795 0. 826 0.794 0.854

and temperature

LRI AT B 55 A TR R AT C 2R AR
Correlation coefficient of the green vegetation cover area 0.859 0.836 0.837 0.839 0.869 0.849 0.833

and rainfall

RS5 20022008 FEFHFHAFHEEAREEBRENENEHEXRY

Table 5 The correlation coefficient of the green vegetation cover area, temperature and rainfall for each season between 2002 and 2008

HZ Spring H 7 Summer FkZE Autumn £ Z% Winter
R F& MY/ mm izl 3 [ MY/ mm izt 3 F& MY/ mm pizt)3 F& MY/ mm
Temperature Rainfull Temperature Rainfull Temperature Rainfull Temperature Rainfull
HHRAL -0.609 0.774* 0.946 ** —-0.345 0.737 0.333 -0.533 0.475

Correlation coefficient

# % 7E0.01 KPR - REASE; = £ 0.05 /K- (XUM) | A

M4 ATUE R EE—FN, {80 m AR5 HIEE R IEAMCCR, HAHRREAE 0.794 £ 0.858 2
6] 5 H RN R IEAH R, A R ETE 0.833 20.869 Z[a], M5 AJLIA H, 2002—2008 4F 6], 75
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2 4 WAt A5 B TR GIS ()1 PGSl 25 A5 AL 5 639

SR AR SR Z B AE 0. 01 /K 1 5 B3 IEAH DG, FLAHOCHE N 0. 946 ; A7 2%, S 4 1T AL 55 B B o 22 (1]
FE0.05 MY7KF 2 38 TEAR DG, AR G 0. 774 5 26 B 2207, S 10 FHL5 3050 3 RT3t ) R DG R B A8
W ARV b XA AR5 I Sl AR HLGS 7 114 2 PN - 347 1R N P ) -S4 W R R A T A S AT,
FEAECR 28, 3E A 40 BT & BT 20k B 5 B R R 2407 0. 01 M 7K B8 35 TE AR G, LA OC R B0 5o
0.82.0. 84 ; 1 EE SRR AE 0. 01 7KL i 25 1E AR G HARSC R 0N 0,90,
4 Z£R5i1e

PR R T R HZ R MODIS B8 43 #r 4% 4% ik 25 48 A0 A A 8508 AR O vk, LR O s 48 R 7)1 g
SR T I 2SS ARAE . AE 2002 4F FEEAN I G, S0 3570 195 d DL E R IX IR 43, 3% s 7 H SO, 5
30.7% s FEBTHUMN , (7 36.7% s FETULM, (5 78. 1% s AEZERAET , o5 88. 1%  TEFEAN)I VY, 24 o9l 7 75 1Y
X3k b7 4. 3% ;7 H AN, 6. 6% s FEBTHIN 5 3. 3% ; 76 il M AR AL 1T, BF o7 LU0/ NT 1%, &4 1]
P WNAERI R 6 H v a), S MR FE [ PE Iy 9 R Bl R A, IR R4 3 8 AU, M 8 HIKEIA K, &k
BN PGAL 1) A< R 7 )R 4 B /N AR, % X P G ERAE B A K B B0, i AR R AR K H B . #E 2002—2008
AN]SR R R R BN RS N R B BRI B S A RN Z 220 (E 142224
km? | %X BRI 46. 7% ; F 2R IR B K, O 20064 km® Bk Zfie/l, FE KT KSR m FLEY
HITE 2008 4 ;T FAZEI435] H BRAE 2006 4EF1 2003 4F, TERR b, G4 AR 5 1 B AR RS £ 417 0. 01
BI7KF R IEAEEZR  HA X REAM R 0. 82 F0. 84 7E H 25 | 4 [ A 5 R BE 22 W] 7E 0. 01 197KF |2
HIEMIOCR AN 0,946, HTIZXZEN A V0 5 s AT 19 °C, H 2=y 7 P30 i s A
It 160 mm, HIRE SR R IR, Ik, 1% X [ 5 1 5 A 38 i A1 F et kg gl i A 4 X
Sl TR AR B 5 A N R R S IR AR S A SR

FIFHIZ X S 95 5 5 (0 ) 25 RRAE RIS , 4565 06 8 K RUIE RN 55 R R AT DL — 20 4k 31 4 i e gl 3
i DB AT B . h TE @M KT O B oK A EA 5 AR BC &, B, B R sl H B0 &
TENG A K R BN A S ) DX, DU e H 50 2 = R AN IR, F I, I N ik = b R SBOR F sl
AR, s A WA, s N RRER . A0SR AR H BUE & A AE AR A A DX s, W et H K
B AR 2R AN, BRI A 22 FIn S, 6, B siA8 &2 AR R K =, ek H B0 R AR FE K A4
X3, gl H BB A A P A, 32 B TR R D AT 380, X 1, P SR FH 488 8 A T 04 0 X7 AR e i H 8K
FEH SO R IUM  3m Ad 3R B R A8 SRR K - A it T DL R e T AR gk K B B E R
SRR AR TR, B2 IR A A A K T ) SR T R iz X A A 7 R
A SR PR T B B S
Bgt, 2T AT B R B R 5 S IR I B X 28 S AT 5L R A BRI D1 | B AR AR T AT B RN AR %
R RIS A S RE A58 T PR R b R P A AR i /F SOOI RV A 1 L R DU R 2 i
& GIS N FHAGY H O AR A RS YN S5 10 SR 7R — IR S0
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