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Vegetation Index Trends for the Northern Part of China at
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Abstract Moderate-resolution Imaging Spectroradiometer (MODIS)-Enhanced Vegetation Index (EVI) data reported

during 2000-2009 have been analyzed to study recent trends in vegetation greenness over the northern part of China at

the beginning of the 21st century. The results showed that the afforestation area was larger than the degraded area in the

northern part of China during the last 10 years, and the regional total mean annual EVI increased by 5.97%. Seasonal EVI

increased significantly, and trends in summer and winter were larger than those in spring and autumn. The sparsely

vegetated area declined, unit area EVI increased, and vegetation activity rose during the study period. In addition, EVI

changes in the northern part of China exhibited relatively large spatial heterogeneity. The Northeast China Plain, North

China Plain, Loess Plateau, and Xinjiang agriculture regions experienced marked increases, and part of Northeast China

and West China experienced declining trends. Such patterns are attributed primarily to regional climate changes and

human activities such as ecological construction and urbanization.

Keywords Vegetation change, Enhanced Vegetation Index (EVI), Satellite data
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Fig.3 (a) Monthly variation and (b) seasonal variation of mean EVI over the northern part of China from 2000 to 2009
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Fig. 7 Spatial distributions of the trends in monthly EVI over the northern part of China from 2000 to 2009 (white area: not significant at 0.05 significance
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2 1 EEFAE: 21 Al v AL 75 b DA AR AR AURFAE 23 A
No. 2 WANG Zheng et al. Vegetation Index Trends for the Northern Part of China at the Beginning of the 21st Century 163

30%
£
g 25% -
g
5 20% -
= ——<0.05
£ 159 —=—0.05-0.1
>
= —#—0.1-0.2
S 10% -
% —¢=0.2-0.3
2
8 % =503
[}
Ay

0

T T T T T T T T T 1
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Year

I8 2000~20094 ot [ 1 77 s XA [FI S R T o LA AR At 34
Fig. 8 Variation characteristics of EVI in different grades over the northern part of China from 2000 to 2009

100%
90%
80% -
70%
60%
50%
40% -
30%
20% -
10% -

0 T \ T T

2000—2001 2002—2003 2004—2005 2006—2007 2008—2009
K19 2000~20094F HH [ b 75 1 X AN [/ B BEAS [R] A AR B LA
Fig.9 Ratio of EVI in different grades over the northern part of China from 2000 to 2009

m>03

m 02—03

0 0.1-0.2

Ratio of EVI

M 0.05—0.1

H <0.05

0.200
—@— iR EVI /0\
0195 | T T HfEER X
S I
> 0.190
A e
/K
0.185 | / Xv
0180 L L L L I
2000 2002 2004 2006 2008 2010

Year

K10 2000~20094F H K1k 75 Hu X A7 AL EVI A2 4L
Fig. 10 Variation characteristic of EVI per unit area over the northern part of China from 2000 to 2009

7K PR G 21 THE0IRd) 10 4E S B 1T

4 ZHie B, IRAEE EVI 0 0.009. ZAEFIE. L P
J - R AL X S, 53 4k

AR SSEH IR R, PEIE WaEb . BRI e bR OB AL A4 7



qofE 5w 5 18 %
164 Climatic and Environmental Research Vol. 18

B MR, F W] EVI AR #Aes 1) 5 Bk k.

2000~2009 A [ b U7 Hh X R A 7 5 I Bh A
AL BRI T ZEREE, HARIEZE Y EVI Y R
LTHES, HEEEIEAME . FF. K LTHEE
N, B AFE LTHRER, HRE, BZEH
P AR KR BB T B R BVI BT R, A7
EVI TR RN A fig 5 A BRARRE J5 B 40T, Al
BE K AR AT K R . 2000~2009 4 [E 6 Ty
b XA A 7 AT ) T AR AT ik A A, A 7 e 17
TR i #, B AR BVI 3N, fabl 2k Kl
HERE . AR B AR AR AR o5 A ) T
JR R, NRIESIREN N AR AR ZS TR A FE B A2 hE
WeASL S S R 35, 21 T4 EA) 10 4Ekrh
Jb 75 M DX A B 7 56 AR AR AE A BT R W, S AE R BURE
8-SR HEAT (R 3E AR I R AT R s R AR oK
(A S EAE AN T 230

S22k (References)

Arino O, Leroy M, Ranera F, et al. 2007. GLOBCOVER-A Global Land
Cover Service with MERIS [C]/ Proceedings of the ENVISAT
Symposium. Montreux, Switzerland, 6pp.

Cao M K, Prince S D, Li K R, et al. 2003. Response of terrestrial carbon
uptake to climate interannual variability in China [J]. Global Change
Biology, 9 (4): 536-546.

WREANE, UL, #R2%22. 2004, FAA— (AR B SRR > 25 TR
AT E PE AT HIESE (7], BRSBTS, 9 (4): 687-696.
Chen Zhaohui, Zhu Jiang, Xu Xingkui. 2004. Recent research progress in
uncertainties of the normalized difference vegetation index, land cover
classification and vegetation fraction estimation [J]. Climatic and
Environmental Research (in Chinese), 9 (4): 687-696.

FERI, 1. 2009. kT MODIS BB 5t MM AERE H- TR B I 22 44k
SIS, [T]. S IREEIISL, 14 (5): 455-464. Dan Li, Xie
Ming. 2009. The spatiotemporal variation of leaf area index in Guizhou
and its response to climate based on MODIS data [J]. Climatic and
Environmental Research (in Chinese), 14 (5): 455-464.

Fang J Y, Piao S L, He J S, et al. 2004. Increasing terrestrial vegetation
activity in China, 1982-1999 [J]. Science in China (Ser. C), 47 (3): 229—
240.

Gobron N, Belward A, Pinty B, et al. 2010. Monitoring biosphere
vegetation 1998-2009 [J]. Geophys. Res. Lett., 37: L15402, doi:10.1029/
2010GL043870.

Huet A R, Liu H Q, Batchily K, et al. 1997. A comparison of vegetation
indices over a global set of TM images for EOS-MODIS [J]. Remote
Sensing of Environment, 59: 440-451.

Houghton R A. 2002. Temporal patterns of land-use change and carbon
storage in China and tropical Asia [J]. Science in China (Ser. C), 45
(Suppl.): 10-17.

LiuJ Y, Liu M L, Deng X Z, et al. 2002. The land use and land cover
change database and its relative studies in China [J]. Journal of
Geographical Sciences, 12 (3): 275-282.

Menzel A, Fabian P. 1999. Growing season extended in Europe [J]. Nature,
397: 659.

Myneni R B, Keeling C D, Tucker C J, et al. 1997. Increased plant growth
in the northern high latitudes from 1981 to 1991 [J]. Nature, 386: 698—
702.

Piao S L, Fang J Y, Zhou L M, et al. 2003. Interannual variations of monthly
and seasonal normalized difference vegetation index (NDVI) in China
from 1982 to 1999 [J]. J. Geophys. Res., 108(D14): 4401, doi:10.1029/
2002JD002848.

Solomon A M, Shugart H H. 1993. Vegetation dynamics and global change
[M]// Cramer W P, Leemans R. Assessing Impacts of Climate Change
Vegetation Using Climate Classification System. London: Chapman and
Hall, 190-217.

Wang Z, Xiao X M, Yan X D. 2010. Modeling gross primary production of
maize cropland and degraded grassland in northeastern China [J].
Agricultural and Forest Meteorology, 150: 1160-1167.

FIEX, X, Alfredo H. 2003. H#FH0I7EE: A AVHRR-NDVI
F| MODIS-EVI [J]. A&%3]R, 23: 979-987. Wang Zhengxing, Liu
Chuang, Alfredo H. 2003. From AVHRR-NDVI to MODIS-EVI:
Advances in vegetation index research [J]. Acta Ecologica Sinica (in
Chinese), 23: 979-987.

TREEAE, BRUERY, BK, S 2003, BT RRIEMAEACH X AR R
T [1]. BRKESR, 12 (2): 255-259. Zhang Jiahua, Hou Yingyu,
Mao Fei, et al. 2003. Study on spatial-temporal distribution of crop
drought in North China based on remote sensing information [J]. Journal
of Natural Disasters (in Chinese), 12 (2): 255-259.

Zhang X Y, Fredl M A, Schaaf C B, et al. 2004. Climate controls on
vegetation phonological patterns in northern mid and high latitudes
inferred from MODIS data [J]. Global Change Biology, 10: 1133—1145.

PEgHEE M. 2009, PEZEHESE M), Jbnt PE SR
#1. China Statistical Yearbook Editorial Board. 2009. China Statistical
Yearbook [M] (in Chinese). Beijing: China Statistics Press.

Zhou L M, Kaufmann R K, Tian Y, et al. 2003. Relation between interannual
variations in satellite measures of northern forest greenness and climate
between 1982 and 1999 [J]. J. Geophys. Res., 108(D1), 4004, doi:10.
1029/2002JD002510.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


