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CORRELATION ANALYSIS OF NDVI DIFFERENCE SERIES AND CLIMATE
VARIABLES IN XILINGOLE STEPPE FROM 1983 TO 1999

GU Zhi-Hui' CHEN Jin'*  SHI Pei-Jun' and XU Ming*
(1 Key Laboratory of Environmental Change and Natural Disaster» Ministry of Education of Chinas College of Resource Science
and Technology» Beijing Normal University> Beijing 100875, China)
(2 Department of Ecologys Evolution and Natural Resources> Rutgers University, NJ 08901-8551, USA)

Abstract There is a crucial need in global change studies to understand how terrestrial ecosystems respond to
climate systems. It has been demonstrated by many researchers that the Normalized Different Vegetation Index
CNDVI) time series from remotely sensed data, which provide effective information of vegetation conditions at
large scales with high temporal resolution, are closely correlated with meteorological factors. However, few of
these studies have taken the cumulative property of NDVI time series into account. In this study, NDVI differ-
ence series was proposed to replace the original NDVI time series to reappraise the relationship between NDVI
and meteorological factors. As a proxy of vegetation growing processes; NDVI difference represented net prima-
1y productivity ( NPP) of vegetation during specific time intervals and under specific environmental conditions.
This data replacement eliminates cumulative effects that exist in the original NDVI time seriess; and thus is
more appropriate for understanding how climate systems affect vegetation growth over short time scales. Using
correlation analysis, we studied the relationship between NOAA/AVHRR ten-day NDVI difference series and
corresponding meteorological data from 1983 to 1999 from 11 meteorological stations located in the Xilingole
steppe in Inner Mongolia. Our analyses showed the following results. 1) Meteorological factors were found to
be more strongly correlated with NDVI difference at the biomass-increasing phase than during the decreasing
phase. 2) The relationship between NDVI difference and climate variables varied with vegetation types. For a
typical steppe community dominated by Leymus chinensis» temperature had a higher correlation with NDVI dif-
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ference than precipitation and, for a typical steppe community dominated by Stipa krylovii» the correlation be-

tween temperature and NDVI difference was lower than that for precipitation. For a typical steppe dominated by

S. grandis, there were no significant differences between the two correlations. Precipitation was the key factor

influencing vegetation growth in desert steppe communities, and temperature had a poor correlation with NDVI

difference. 3) The response of NDVI difference to precipitation is fast and almost simultaneous in both typical

steppe and desert steppe; however mean temperature exhibited a time-lag effect, especially in the desert

steppe and some typical steppe ecosystems dominated by S. krylovii . 4) The relationship between NDVI dif-

ference and temperature is becoming stronger with global warming.

Key words NDVI difference time series; Autocorrelations Cumulation, Correlation analysis, Grassland,

Precipitations Temperature
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Table 1  Location of meteorological stations and vegetation types within their 10 km buffer areas

£33 5513 g Y AR
Longitude Latitude Steppe types Main vegetation types

B 1 s s S T TR ey

Site 1 Typical steppe Stipa grandiss Achnatherum splendens steppe
i 2 114°05" e AR 0 TREE 5 i Jit i s R i

Site 2 Typical steppe Stipa krylovii> Cleistogenes squarrosa steppe
B 3 _— s S N EC R

Site 3 Typical steppe Stipa grandiss Leymus chinensis steppe

4 4 - wor g 8 5 JOEF 8 S

Site 4 Typical steppe Stipa grandis, forb steppe

Wi S L16°04" 43057 Y R gt RE R KR R A

Site 5 Typical steppe Stipa grandis> Achnatherum splendens steppe
3 6 Loy . 0 24 BB T B

Site 6 Typical steppe Leymus chinensis> Cleistogenes squarrosa steppe
i 7 s . g L WS

Site 7 Typical steppe Stipa krylovii» Achnatherum splendens steppe
8 - sy et T S 8 BB

Site 8 ) ; Desert steppe Stipa klemenzii> Stipa gobica steppe

349 s s e G A

Site 9 Desert steppe Stipa gobica» Stipa klemenzii steppe
324 10 - s e ST R

Site 10 Desert steppe Stipa gobica> Stipa klemenzii steppe
iR 11 112°54" 2o ALY ) FIAEEL R T A SRR

Site 11 Desert steppe Stipa brevifloras Stipa krylovii steppe
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Table 2 Correlation analysis between completed NDVI difference series and climate variables over the same time
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perature condition is fixed
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Fig.5 The relationship between completed NDVI difference series and climate variables with different time lags at typical steppe and desert steppe
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Table 3 Correlation analyses between climate variables and NDVI difference series at the increasing phase of vegetation growing season
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Correlation coeffi- . . . .. .. ..
ent Correlation coeffi-  efficient efficient efficient
‘g‘;’H“m cient ClLEE /B8 7K AR /AR GlRLE-BE KD
e B KO ( Mean tempera- (  Precipitation/ ( Mean tempera-
( Mean tempera- - . .
( Preclp]tatlon) ture/precipita- mean tempera-  ture-precipita-
ture) . .
tion) ture) tion)
S i 31 Site 10188 0.406 157 0.417 247 0.318 15 0.333 24 0.507 63
Typical steppe 3l 512 Site 2€171) 0.24529" 0.469 32" 0.174 77" 0.442 36" 0.494 04
453 Site 3(213) 0.356 29 0.19349™ 0.309 77" 0.057 18 0.360 28
¥ 8 4 Site 4(189) 0.318 61 0.428 39" 0.238 49 0.378 1™ 0.479 547
w55 Site 5(179) 0.231 55 0.244 21 0.208 29 0.222 43 0.316 92
3l 156 Site 6(266) 0.631 15™ 0.493 39" 0.508 49 0.260 1™ 0.662 61 ™
57 Site 7(153) 0.161 48" 0.341 95" 0.149 62 0.337 02" 0.369 73
FER B 5 3l 458 Site 8(100) 0.196 67 0.277 34" 0.162 37 0.255 13" 0.318 21"
Desert steppe ¥ 4510 Site 10(60) 0.042 95 0.393 42" 0.015 85 0.391 7" 0.393 69"
511 Site 11€91) 0.186 13 0.385 89" 0.191 4 0.388 16" 0.424 37
F 5 W AR 7N 1 AU TR AR K RIS KB B A A2 Number in bracket means samples of the site in this certain period i AH ¢ 22 £ Gl BE /

FeAOFRTE R K [ 78 4, WhBE 55 NDVI AL (B ) X R P-correlation coefficients ( precipitation/mean temperature) present the relations between mean
temperature and NDVI difference while precipitation condition is fixed i AH 5 ZR & (B K AR B PR € 4600 1, oK 5 NDVE A4k & i) 1) 56 R

P-correlation coefficients (mean temperature/precipitation) present the relations between precipitation and NDVI difference while mean temperature condition is

fixed *: p<0.05 * *: p<0.01 =* * *: p<0.001
F a4 AR D M B NDVE AZ A B 5 R IR | B TR R AH G R EGR
Table 4  Correlation analyses between climate variables and NDVI difference series at the decreasing phase of vegetation growing season
Wz AR 5% F T 5% 5 SRR R HL
- o R FREL P-correlation co-  P-correlation co-  M-correlation co-
Correlation coeffi- . . .. .. ..
ent Correlation coeffi-  efficient efficient efficient
E‘;?m cient GERLEE /977K CERAR /D G -FE 7K
( S (B (Mean tempera- (  Precipitation/ ( Mean tempera-
Mean tempera- s .. ..
(Precipitation) ture/precipita- mean  tempera-  ture-precipita-
ture) . .
tion) ture) tion)
R i 511 Site 1(147) -0.022 95 0.123 88 -0.081 84 0.146 37 0.148 12
Typical steppe 3l 452 Site 2€136) 0.054 57 0.207 67" -0.027 42 0.202 46™ 0.209 39
53 Site 3(174) -0.034 21 0.073 19 -0.07227 0.096 92 0.102 72
¥k R 4 Site 4(157) 0.048 04 0.180 84" -0.011 99 0.174 95" 0.181 23
¥l R 5 Site 5(154) -0.110 21 -0.016 26 -0.110 8 0.019 89 0.111 97
5 6 Site 6(153) -0.093 67 0.111 69 -0.167 95 0.178 42° 0.200 82
¥ 87 Site 7(133) 0.061 31 0.106 52 0.029 53 0.092 1 0.1105
T 3 a3 8 Site 8€106) 0.265 43" 0.096 21 0.249 29" 0.020 08 0.266 14
Desert steppe 3 510 Site 10(89) 0.195 79 0.228 117 0.166 79 0.204 13 0.280 01~
¥h 11 Site 11€96) 0.31244™ 0.092 72 0.3089" 0.078 61 0.321 24™

F5 A RN 1l e T AR AR PR O B A AR 2 Number in bracket means samples of the site in this certain period i A 5¢ 72 2 Gl J& /
R KOFRTE /K [ 52 41, % 5 NDVE A8t (] F1 9% 5 P-correlation coefficients (precipitation/mean temperature) present the relations between mean
temperature and NDVI difference while precipitation condition is fixed i AH 5% 28 £ (B K AR B FR AR [ 2 &40 1, oK 5 NDVE A4k & 1) 1) K &R
P-correlation coefficients (mean temperature/precipitation) present the relations between precipitation and NDVI difference while mean temperature condition is
fixed *: p<0.05 * *: p<0.01 p<0.001

* ¥ %3
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Fig.6 Relationship between NDVI difference series and climate variables over previous time at the increasing phase of

vegelation growing season for typical steppe and desert steppe
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Table 5  Correlation analyses between climate variables and NDVI difference series at the increasing phase of vegetation growing season during 1980s and 1990s

AH IR R B CHLED PS¢ T8
Correlation coefficient (Mean temperature) Correlation coefficient (Precipitation)
1983 ~ 1989 1990 ~ 1999 1983 ~ 1989 1990 ~ 1999
R R 3 151 Site 1(68/120) 0.210 66 0.481 7" 0.546 68 0.367 78"
Typical steppe 34 212 Site 2(70/101) 0.179 85 0.291 6™ 0.581 54 0.407 64
3ili £ 3 Site 3(91/122) 0.384 1" 0.334 14 0.300 6 0.125 09
3l 15 4 Site 4(77/112) 0.125 15 0.419 99 0.290 52 0.484 43
3 5 Site 5(77/102) 0.111 33 0.311 93 0.066 13 0.322 01°
¥t 6 Site 6(102/164) 0.518 14 0.710 05 0.513 06" 0.484 6
3l 57 Site 7¢70/83) -0.056 87 0.259 6" 0.332 62 0.372 81"
e I i 3 21 8 Site 8(39/61) -0.003 71 0.240 73 0.157 73 0.254 71"
Desert steppe i 2110 Site 10€17,/43) -0.063 49 0.067 71 0.498 18" 0.382 3™
3 11 Site 11€39/52) -0.0323 0.306 11" 0.496 26 0.299 52*

FG95 R IR0 123 A5 20 THEAD 80 AFARAN 90 A ARAR Bl A K i 72 18 K B BE WA 420 Number in bracket means samples of the site at the in creas-

ing phase of vegetation growing season respectively during 1980s and 1990s
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*: p<0.05

* *: p<0.0l  * x *x: p<0.001
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