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(a) 1982 - 1987 (b) 1988 - 1992

(c) 1993 - 1998
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Fig. | Remote sensed classification of vegetation belts according to four periods of time in Inner Mongolia
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Tab. 1 The pixel number transformed among vegetation belts
between two sequential periods
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Fig. 3 Spatial progressions of annual mean vegetation cover degree (%) during May to August in the typical steppe
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Fig. 4 Spatial patterns of linear trends (a) and their significance levels (b) of the maximum vegetation cover degree

in the typical steppe (1982-2003)
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5 Tab. 2 Correlation coefficients between seasonal increment of the vegetation cover degree
and seasonal precipitation/air temperature in the typical steppe (1982-2003)
AT a5 R Rk it e
; 6 e Tl CEAARNE AR BN R AN AN
Afg -0.230 0510" -0.033 0.385 0.027 -0.055
. 7-8 Afgr 0.042 0.259 -0.011 -0.211 -0.169 -0.311
Afgs 0.197 0.438' -0.119 -0.574" -0.050 -0.010
Afgy 0.238 0.389 -0.359 0.147 0.358 0.428"
Afes -0.083 0472 0.007 0.086 -0.095 -0.033
5 Afgs -0.087 -0.048 -0.077 -0.341 0.033 0.150
A 0.143 0.615" 0.154 0.005 -0.069 -0.024

*P<0.05; **P<0.01

[29-31]
[27]
, 6

332

, 84%, . .

( 5a), , (P < 0.05)

30%, . , (

5b), ,
52% 5 N >
(P < 0.05) , 2.8%; 48%,

(a) (b)

Y{

(\_w-?
r=-0.8 0.6 0.4-0.2 0 0.2 040608 0% ag S L0 o 0 400km
[ | i : e i 7
i Ml X ST | i
PE s 50 R TRCAE Jil A B T O I 5 A R K R 0 HT DG R B (a) O B PEKCF (b) 097 MIKS M (1982-2003)
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Fig. 6 Spatial patterns of correlation coefficients between the annual maximum vegetation cover degree and annual mean air
temperature (a) and their significance levels (b) in the typical steppe (1982-2003)

, (P <0.05) ,
1.5% (. 6). , ,
’ 19, 26]
4
(1)  1982-2003 , )
1 (1982—1987 ) 2 (1988—1992 ) , 2
(1988—1992 ) 3 (1993—1998 ) ,
3 (1993—1998 ) 4 (1999—2003 ) o
(2) , 5
8 o
(3) 1982-2003 , 52.6%,
47.4%, ,
(P <0.01),
(P <0.01),
(4) ,
5 8 )
(5) ,
(References)

[1] Chen X Q, Hu B, Yu R. Spatial and temporal variation of phenological growing season and climate change impacts in
temperate eastern China. Global Change Biology, 2005, 11: 1118-1130.

[2] Chen Xiaoqiu, Yu Rong. Spatial and temporal variations of the vegetation growing season in warm-temperate eastern
China during 1982 to 1999. Acta Geographica Sinica, 2007, 62(1): 41-51. [ s . 1982-1999



1 . 1982-2003 93

, 2007, 62(1): 41-51.]
[3] Piao Shilong, Fang Jingyun. Seasonal changes in vegetation activity in response to climate changes in China between
1982 and 1999. Acta Geographica Sinica, 2003, 58(1): 119-125. [ s . 1982-1999
, 2003, 58(1): 119-125.]
[4] The Integrated Investigation Team in Inner Mongolia and Ningxia, CAS. Vegetation of Inner Mongolia. Beijing: Science

Press, 1985. [ : , 1985.]
[5] Ye Duzheng (ed.) A Preliminary Study on Global Change in China (I) Beijing: China Meteorological Press, 1992.
13-14. [ . @. : , 1992, 13-14.]

[6] Tucker C J. Red and photographic infrared linear combination for monitoring vegetation. Remote Sensing of
Environment, 1979, 8: 127-150.
[7] Tucker C J, Townshend J R G. African land-cover classification using satellite data. Science, 1985, 227: 369-374.
[8] Myneni R B, Keeling C D, Tucker C J et al. Increased plant growth in the northern high latitudes from 1981 to 1991.
Nature, 1997, 386: 698-702.
[9] Yang Yuanhe, Piao Shilong. Variations in grassland vegetation cover in relation to climatic factors on the Tibetan
Plateau. Journal of Plant Ecology, 2006, 30: 1-8. [ ,
, 2006, 30: 1-8.]
[10] Ehrlich D, Estes J E, Singh A. Applications of NOAA-AVHRR 1km data for environmental monitoring. International
Journal of Remote Sensing, 1994, 15: 145-161.
[11] Yan Hao, Wang Changyao, Niu Zheng et al. Bio-implication of principal component analysis to land cover using
multitemporal AVHRR data. Remote Sensing Technology and Application, 2001, 16: 209-213. [ s s
NOAA-AVHRR , 2001, 16: 209-213.]
[12] Sheng Yongwei, Chen Weiying, Xiao Qianguang. Macro- classn"catlon of vegetation in China using meteorological
satellite vegetation index. Chinese Science Bulletin, 1995, 40: 68-71. [ s s
. , 1995, 40: 68-71.]
[13] Li Xiaobing, Shi Peijun. Research on regulation of NDVI change of Chinese primary vegetation types based on
NOAA/AVHRR data. Acta Botanica Sinica, 1999, 41: 314-324. [ R . NOAA/AVHRR
NDVI . , 1999, 41: 314-324.]
[14] Li Junxiang, Da Liangjun, Wang Yujie et al. Vegetation classification of East China using multi-temporal
NOAA-AVHRR data. Journal of Plant Ecology, 2005, 29: 436-443. [ s s
NOAA-AVHRR , 2005, 29: 436-443.]
[15] Mao Fei, Hou Yingyu, Tang Shihao et al. Classification and dynamic changes of grasslands in northern Tibet based on
recent 20 years satellite data. Chinese Journal of Applied Ecology, 2007, 18: 1745-1750. [ s s

20 , 2007, 18: 1745-1750.]
[16] Institute of Botany, CAS. Vegetation Map of China (1 4000000) Beijing: China Cartographic Publishing House, 1979.
[ . (1:4000000). : , 1979.]

[17] Pan Jiangang, Zhao Wenji, Gong Huili. The research of remote sensing image classification methods. Journal of Capital

Normal University (Natural Science Edition), 2004, 25: 86-91. [ S R
( ), 2004, 25: 86-91.]

[18] Gutman G, Ignatov A. The derivation of the green vegetation fraction from NOAA/AVHRR data for use in numerical
weather prediction models. International Journal of Remote Sensing, 1998, 19: 1533-1543.

[19] Fang Jingyun, Piao Shilong, He Jinsheng et al. Activity of vegetation in China has been augmented in recent 20 years.
Science in China (Series C), 2003, 33: 161-173. [ N N . 20

(C ), 2003, 33: 554-565.]

[20] Baret F, Guyot G. Potentials and limits of vegetation indices for LAI and Apar assessment. Remote Sensing of
Environment, 1991, 35: 161-173.

[21] Choudhury B J, Nizam U A, Sherwood B I et al. Relations between evaporation coefficients and vegetation indices
studied by model simulations. Remote Sensing of Environment, 1994, 50: 1-17.

[22] Chen Jin, Chen Yunhao, He Chunyang et al. Sub-pixel model for vegetation fraction estimation based on land cover
classification. Journal of Remote Sensing, 2001, 5: 416-423. [ N N

, 2001, 5: 416-423.]

[23] Li Xiaobing, Chen Yunhao, Shi Peijun et al. Detecting vegetation fraction coverage of typical steppe in northern China
based on multi-scale remotely sensed data. Acta Botanica Sinica, 2003, 45: 1146-1156.

[24] Zhang Jun, Ge Jianping, Guo Qingxi. The relation between the change of NDVI of the main vegetational type and
climatic factors in the northeast of China. Acta Ecologica Sinica. 2001, 215 522-527. | 1 s



94 64

NDVI . , 2001, 21: 522-527.]
[25] Nezlina N P, Kostianoyb A G, Li B L. Inter-annual variability and interaction of remote-sensed vegetation index and
atmospheric precipitation in the Aral Sea region. Journal of Arid Environments, 2005, 62: 677- 700.
[26] Li Xia, Li Xiaobing, Chen Yunhao et al. Temporal responses of vegetation to climate variables in temperate steppe of
northern China. Journal of Plant Ecology, 2007, 31: 1054-1062. [ N N
. , 2007, 31: 1054-1062.]
[27] Chen Xiaoqiu, Zhou Meng, Zheng Ting et al. Examining seasonal variations of Leymus chinensis photosynthetic rates
in the Hulunbeier Grassland. Acta Ecologica Sinica, 2008, 28: 2003-2012. [ N N
, 2008, 28: 2003-2012.]
[28] Chen Xiaoqiu, Zheng Ting. Spatial pattern of aboveground biomass and its climatic attributions in typical steppe of
Inner Mongolia. Scientia Geographica Sinica, 2008, 28: 369-374. [ s
, 2008, 28: 369-374.]
[29] Goward S N and Prince S D. Transient effects of climate on vegetation dynamics: Satellite observations. Journal of
Biogeography, 1995, 22: 549-563.
[30] Yang W, Yang L, Merchant J W. An assessment of AVHRR/NDVI-ecoclimatological relations in Nebraska, U.S.A.
International Journal of Remote Sensing, 1997, 18(10): 2161-2180.
[31] Yahdjian L, Sala O E. Vegetation structure constrains primary production response to water availability in the
Patagonian Steppe. Ecology, 2006, 87(4): 952-962.

Spatial and Temporal Variations of Vegetation Belts and
Vegetation Cover Degrees in Inner Mongolia from 1982 to 2003

CHEN Xiaoqiu, WANG Heng
(College of Urban and Environmental Sciences, MOE Laboratory for Earth Surface Processes, Peking University,
Beijing 100871, China)

Abstract: The Normalized Difference Vegetation Index (NDVI) data in Inner Mongolia during
1982 to 2003 were used to classify the vegetation belts in four time periods and reveal spatial
shifts of the vegetation belts between two sequential periods. Then, we analyzed the spatial
and temporal variations of the vegetation cover degree and its relation to thermal-moisture
factors taking the tpical steppe belt as an example. During the study period, the area of the
typical steppe belt showed an increscent tendency, whereas the area of the desert steppe belt
indicated a decreasing tendency. Otherwise, areas of the forest belt, the forest steppe belt and
the desert belt did not represent any apparent tendency. Generally speaking, an evolution
succession of vegetation belts was dominant during period 1 (1982-1987) to period 2
(1988-1992), whereas a degradation succession of vegetation belts (following succession
orders of forest—forest steppe—typical steppe —desert steppe —desert) was dominant during
period 3 (1993-1998) to period 4 (1999-2003). In between, evolution and degradation
successions of vegetation belts were counterbalanced during period 2 (1988-1992) to period 3
(1993-1998). A significantly positive correlation appeared in the western part of the Xilingol
Tableland and the Ulanqab Tableland. In contrast to precipitation, the correlation between the
vegetation cover degree increment and air temperature was less significant. From 1982 to
2003, areas with decreasing and increasing linear trends of the annual maximum vegetation
cover degree accounted for 52.6% and 47.4% of the entire Inner Mongolia, respectively, of
which significantly decreasing trends appeared at the western edge of the Hulun Buir
Tableland and the both sides of the Da Hinggan Mountains.

Key words: NDVI; vegetation cover; thermal-moisture factors; Inner Mongolia



