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Abstract: The vegetation phenological changes are closely linked with the ecological process and agriculture, forestry and
environmental changes. Recently, the phenological responding to climate changing has been becoming a new hot research point.
These studies show ed that vegetation index ( VI) could indicate the characters of each phenophase, and most of them were con-
ducted by remote sensing technique. T o reveal the effects of global warming on the biological phenomena in the higlr density
populated and economically developed regions, inter annual and seasonal variability of NDVI for phenological characteristics of
forest in the Yangtze delta region and its correlations with climatic variables are analyzed for the time period 1998- 2008, using
a dataset of 10 days averaged SPOT/ VGT ND VI and local climatic data. A smoothing algorithm based on an asymmetric Gauss-
ian function was firstly applied to the NDVI dataset to minimize the effects of anomalous values caused by atmospheric haze and

cloud contamination. T he result showed that (1) either in multt year average or in each year, the variations of seasonal phenolo
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gy and those of temperatures were synchronous, and the latter stably drove the former. The NDVI of forest has an increasing

trend with the global warming from 1998 to 2008. (2) Forest had an earlier start of active growing season, later end of active

growing season, longer active growing season and larger NDVI in the active growing season, with the time going.(3) For for

est, an advancing of the time of maximum NDVI and a delaying of time of minimum NDVI are obvious. T he maximum NDVI

value had an increasing trend while the minimum ND VI value decreased, the difference of maximal and minimal NDVI in a year

became larger, and the NDVI of forest had a shorter growing season but alonger senescence season. (4)T he NDVI value of for

est increased both in spring and summer, decreased in winter, and there is no significant change in the autumn.
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[1]

NOAA/AVHRR

(the Airborne Visible Infrared Imaging Spec
trometer, A VIRIS)

(Beno5t Duchemin

[2] : B]'Iky[S] )

[4]

s Thomas R 9 tzer '
Liming Zhou '
1981 —1999 NDVI
Myneni
NDVI 1981 —1991
8l AVHRR
ol AVHRR
,NDVI
[10]
, NDVI
NDVI , ,
., NDVI

80

SOPT

NDVI

(29. 04— 33.41°N, 118. 33°-

122.95E)
10.1  km’,

B

1000mm~ 1800mm'""

7600
15C~ 17C,

[12~ 17]

2

20 80
20 80 )
,20 90 60
0.5C 1.2¢C 1.0¢C!™
3
3.1
1998 - 2008 NDVI
SPOT VGT ,
lkm % 1km, 10 VGT
Ll VGT
[20]
” (http: / /westdec. westgis. ac.
cn) NDVI ( DN)
, NDVI= DN x 0.004- 0.1



2011.2 ERER
2000 (t).fe(t), fr(t) [, tr]
1km ;a(t) B
30m  Landsat TM/ETM (t) [0, 1] NDVI
) 10 10 1
(21 0.8 '\
, , 0.7
0.6
1998 2008 NDVI st
0.4} _
38 o3 i i
Anuspline , 1km o2 ; l
3.2 NDVI o B et |
1998-07 I‘)‘)‘II—(W Z(ll)ilﬂ Z(Kllf(ﬂ 2(1)2;77 _’_()(13‘4)7 200407 2(!)5‘4)7 1[!)1)‘—07 3()(17‘—()7 2008-07
’ 1 NDVI
NDVI , 3.3
, (1)
22 NDVI ,
R NDVI >
' [23~ 2] ’[8, 11,25~ 27]
NDVI R NDVI
NDVI )
NDVI , NDVI
; NDVI el NDVI
NDVI , ,
f(t):f(tcl, Cr, Ay +onee .a5) ; s
=+ @g(}jal ..... .(],5) ( 1) )
L— a2 }az
expl[— (7, ]t (2)NDVI
g(tal ...... as): Y ( 2)
/ (az— i) 2]t NDVI NDVI
ex -
P a , NDVI ,
( 1) (2) , Cl C2 (NPP)
7g(t; at, s dS) s , al R
t , a2 (3)NDVI
as 5 [28] N DVI
a4 as , (4) .
= (std(y)/ mean(y)) (4)
’ e NDVI , std
, (v) NDVI » mean (y)
1) ae)fe()+ [1=a(t)[fe(t) <O (3) NDVI , :
Ko)f c(o+ [1= Bo)]fr(t) <O , NDVI \
e, tx] NDVI f1




ERIER 2011.2
(5) NDVIC 10 7 :
NDVI - R 1999 2006 NDVI R 2003
NDVI NDVI , 2000 ,NDVI
, NDVI 0. 5084~ 0.5947, 0. 0526,
4 NDVI ; 1999 , 2006 ,
15. 82C~ 16. 70C,
NDVI 1998 0. 0182, NDVI
2008 7, 1998 , 2 , NDVI
2006 , , 0. 006,
, 0.076
4.1 NDVI 0.1000- 1.00C
1999 2006 “ 10 0.0500 oy 0.50°C
NDVI Z 0.0000- I = L o.00C i—‘gz
NDVI , 1 “00s00 T NDVIY=0006:-0.031 [ 050
NDVI 1 01000 = U F007600345 | g
1999 2000 2001 2002 2003 2004 2005 2006
3.9636, ) ,NDVI -y
, 7 6. 7085, 2 NDVI
, .12 4.2
’ 1998 2008 NDVI
: , 1999 2007 9
NDVI NDVI
’ “ 10 7 3 s 1999
’ 20-30 2007 9
NDVI : 0.5
,NDVI 0. 994; ’ : ,
, NDVI s
0.978, NDVI 005 ’
, NDVI , ,
I NDVI 0. 833,
NDVI (C) (em) [29] NDVI
1 0. 3964 4. 1215 2. 2404
2 0. 4101 6. 1323 2. 3956 ’
3 0. 4557 10.0814 3. 1478 ’
4 0. 5346 16. 1676 3. 9492
5 0.5978 20.2679 4. 6523
6 0. 5857 24.0467 8. 2562
7 0. 6709 27.4267 5. 8197
8 0. 6505 26. 6660 5. 9919
9 0. 6525 23.1682 3. 0765 _
10 0. 6082 18.3191 1. 8082 T o A
1 0. 5406 12.4722 1. 9246 S R
12 0. 4952 6. 3822 1. 4528 3




2011.2

[E
[:;nl
TiF
¢l

NDVI s 4
NDVI 0. 5532 ~
0.6701, NDVI 0. 0556,
R ; NDVI
, NDVI ,
0.006 NDVI
0.4014~ 0. 4892,
0.0678, , ; NDVI
0. 001,
0.8
0.7 1 v=0.006x+0.587
E().fv
i Tt St
0.4+ - —— G
0.3 —— S T
1999 2000 2001 2002 2003 2004 2005 2006 2007
A
4 NDVI
4.3 NDVI
NDVI s
NDVI , NDVI
; NDVI )
; NDVI
“ 10 7 , NDVI
« 10 7
5 , 1999 2007 , NDVI
, 0. 008, NDVI
0. 6301~ 0. 7387, 0. 0470,
;NDVI ,
- 0.005,NDVI 0. 3364~ 0. 4948,
0. 1434, ;
NDVI ,
0.014,NDV1 0. 2130~ 0.3800,
0.2473,
0.8000 . o
DTODD L oocpommn b 2 TR T kisormncihe ol T
0.6000 <

— 0.5000 F
A 0.4000 - S >

Z 0.3000 +
0.2000 +
0.1000 |-
0.0000 T

g WA

7 - ot SUSRRRRSS Sl 4
- seo ’

- o= M KAH y=0.008x+0.661
—a— % /MEL y=-0.005x+0.464
——ma= F 3% =0.0140+0.197

1999 2000 2001 2002 2003 2004 2005 2006 2007

5 NDVI

A

6 ,NDVI < 10 7
, - 0.45,
NDV I :NDV1I
“« 10 7 ,
- 0.333, \
3017

25 »=0.45x+24.69
o ] \b’_w

K15 1 S ZN
£ 10 - v BUMiE
3 - y=-0.333x+6.888

5 ‘.;n‘-—‘-‘7“*“‘9'~"“.ﬁ':'ua-u--vn.ﬂ,‘

0 T T - - T v v -

1999 2000 2001 2002 2003 2004 2005 2006 2007
A0
6 NDVI “ 7
NDVI
, NDVI

) T T r— —— ——
1999 2000 2001 2002 2003 2004 2005 2006 2007

P
7 NDVI
,NDVI ,
NPP ,NDVI ,
NDVI , :
4.4
. 345
67 8 .9 10 11 ,
12 12 “« 10 ”NDVI
1998 2008 NDVI
NDVI : s
NDVI 0. 5294
0. 6357 0.6005 0. 4339, NDVI

0.4753~ 0. 5772 0. 4884~ 0. 7000 0. 5458 ~
0. 6511 0.3534~ 0. 4809



ERER 2011.2
NDVI .
5
NDVI ,
1998 2008 , NDVI . N
, 0.1037 0.0984,
NDVI , . s
0. 0629 0. 0509
NDVI , 4
0. 008 0. 014, NDVI NDVI s
" NDVI , NDVI s ,
- 0.001 NDVI ;
1998 2006 , , NDVI
0.141 0.356 0.036, NDVI "
- 0.293 NDVI ,NDVI , ;
, NDVI , ,
, NDVI
0.1 ’
0.05 ’

_ “*1 NDVI
20.051
Z 0.1 :

0.15 N —e— % y0008:-0054 - m-- % y=0014-0084 R

05 i = FKTE y=-0000H0.005 ot &7 y=0,001x+0.011

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

[1]
[2]

[3]
[4]
[3]

[6]

[7]

[8]
[9]
[ 10]
[11]

S8

8 NDVI

’

[J].

,2009, 28(1):33- 40.

Beno5t Duchem in, J ome Goubier, Gaston Courrier. Monitoring phenological key stages and cycle duration of temperate
deciduous forest ecosystems with NOAA/ AVHRR data[J]. Re mote Sensing of Environment, 1999( 67) : 68— 82.

Alicia K Birky. NDVI and a simple model of deciduous forest seasonal dynamics| J]. Ecological M odelling, 2001( 143) : 43— 58.
[J]. ,2004,26( 1) : 129- 136.

Thomas RO9tzer, Frank M Chmielew ski. Phenological maps of Europe [ C]// Agrarmeteorologische Schriften. Land
wirtschaft liclr G~ rtnerische Fakult~ t Institute fiir Pflanzerr bauw issenschaften. Heft 06/2000.

) 9

Zhou Liming, Compton J Tucker, Robert K Kaufmann, et al. Variations in northern vegetation activity inferred from sat-
ellite data of vegetation index during 1981 to 1999[J]. Journal of Geophysical Research, 2001, 106 (D17): 20 069 -
20 083.
M yneni R B, Keeling C D, Tucker C J, et al.Increased plant growth in the northern high latitudes from 1981- 1991[ J].
Nature, 1997(386) : 698— 702.
AVHRR [J]. , 1998, 2(4) :270- 275.

. [J]. ,1999,19(4) :474- 477.
M ark D Schw artz, Chen Xiaoqgiu. Examining the onset of spring in China[ J| . Climate Research,2002(12) : 157- 164.
[J]. ,2008,19( 8) : 1803- 1809.

’ 2



2011.2 ERER
[ 12] , . [J. , 1982, 6( 3) : 236— 245.

[ 13] . . [J11. 1987, 11(3) :226- 233.

[ 14] [n. ,1984,8(3): 189- 197.

[15] [J1. ,1997, 16(3): 82— 88.

[ 16] . , . []]. ,2005,25(9) : 2139- 2144.

[ 17] . , .. [J]. ,2009,29(3): 1- 4.

[ 18] . . [J]. ,2008, 26(1): 28— 34.

[19] Xu W-T,Wu BF, Yan G-Z, et al. China land cover 2000 using SPOT VGT S10 data[ J]. Journal of Remote Sensing,

[ 20]

[21]

[22]
[23]

2005,9(2) : 204- 214.
Griguolo S, Mazzanti M. Using afeed forward neural network to simulate missing values in SPOT/ VEGETATION ND-
VI images[ C]//Proceedings of the 2nd International VEGETATION User Conference, Antwerp,2004: 63— 70.
LiuJY,Liu M L, Zhuang D F, Zhang Z X, Deng X Z. Study on spatial pattern of land- use change in China during 1995-
2000[J]. Science in China( Series D) ,2003,46(4) :373- 384.

, s , - NDVI [J]. ,2009,42(2):552- 560.
Jnsson P, Eklundh L . Seasonality extraction by function fitting to time series of satellite sensor data[ J]. IEEE Transac

tions on Geoscience and Remote Sensing, 2002(40) : 1824 1932.

[24] Pnsson P, Eklundh L . TIMESAT —a program for analyzing time series of satellite sensor data[ J]. Computers and Geo
sciences, 2004( 30): 833— 845.

[ 25] , . MODIS ND VI [J]. ,2006, 28(4): 111- 117.

[ 26] ) . : [J1- , 2000, 24( 5):
676- 682.

[ 27] s . : [J]. ,2001, 6
(D:1- 10.

[ 28] [M]. : , 2005.

[ 29] , , . 40 [J]. ,2003, 13(10) : 1048 1053.

( 25 )

[16] Khorram S, Chheshire H M. Remeote sensing of water quality in the ncusc river Estuary, Rorth Carolina[ J]. Photo
gramm, Eng. Remote sens, 1985,51( 1) : 53— 62.

[17] . [J]. ,1991(2): 22— 30.

[18] Tripathi N K, RAO A M. Bathymetric mapping in Kakinada Bay, India, using RS ID LISS III data[ J] . International Jour
nal of Remote Sensing, 2002, 23(6): 1013- 1025.

[ 19] ) ) , .NOAA [J. ,2002(1): 16— 19.

[ 20] , , . [J. ,2005(3) : 71- 75.

[21] ; . . — [J].

,2005(8): 677- 681.

[22] ) . [J1. ,2007, 32(6): 47— 49.

[ 23] , David G Rossiter. MODIS [J]. , 2008(2): 7- 12.

[24] , , , . : AVIRIS FLAASH[J].

,2005(8): 393- 398.

[ 25] ) ) - FLAASH [J1. ,2007(2) : 23— 26.

[ 26] , , . [J]. ,2007(2): 53— 55.

[27] , , .. [J1. , 2009, 14(9): 1850— 1857.

[ 28] , , , .ENVI [M]. , 2007, 2.

[29] s T — [M], .2005, 1.

[ 30] , , .. [J]. ,2007( 10): 732- 736.



