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Abstract: The source regions of the Yangtze and Yellow rivers are important water conserva-
tion areas of China. In recent years, ecological deterioration trend of the source regions 
caused by global climate change and unreasonable resource development increased gradu-
ally. In this paper, the spatial distribution and dynamic change of vegetation cover in the 
source regions of the Yangtze and Yellow rivers are analyzed in recent 10 years based on 
1-km resolution multi-temporal SPOTVGT-DN data from 1998 to 2007. Meanwhile, the cor-
relation relationships between air temperature, precipitation, shallow ground temperature and 
NDVI, which is 3×3 pixel at the center of Wudaoliang, Tuotuohe, Qumalai, Maduo, and Dari 
meteorological stations were analyzed. The results show that the NDVI values in these two 
source regions are increasing in recent 10 years. Spatial distribution of NDVI which was 
consistent with hydrothermal condition decreased from southeast to northwest of the source 
regions. NDVI with a value over 0.54 was mainly distributed in the southeastern source region 
of the Yellow River, and most NDVI values in the northwestern source region of the Yangtze 
River were less than 0.22. Spatial changing trend of NDVI has great difference and most 
parts in the source regions of the Yangtze and Yellow rivers witnessed indistinct change. The 
regions with marked increasing trend were mainly distributed on the south side of the Tong-
tian River, some part of Keqianqu, Tongtian, Chumaer, and Tuotuo rivers in the source region 
of the Yangtze River and Xingsuhai, and southern Dari county in the source region of the 
Yellow River. The regions with very marked increasing tendency were mainly distributed on 
the south side of Tongtian Rriver and sporadically distributed in hinterland of the source re-
gion of the Yangtze River. The north side of Tangula Range in the source region of the 
Yangtze River and Dari and Maduo counties in the source region of the Yellow River were 
areas in which NDVI changed with marked decreasing tendency. The NDVI change was 
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positively correlated with average temperature, precipitation and shallow ground temperature. 
Shallow ground temperature had the greatest effect on NDVI change, and the second 
greatest factor influencing NDVI was average temperature. The correlation between NDVI 
and shallow ground temperature in the source regions of the Yangtze and Yellow rivers in-
creased significantly with the depth of soil layer. 

Keywords: source regions of the Yangtze and Yellow rivers; NDVI; spatio-temporal change; temperature; pre-
cipitation; shallow ground temperature 

1  Introduction 

The earth is experiencing dramatic changes in climate (Ding and Dai, 1994). Rates of 
warming are pronounced during the last three decades and are predicted to persist over the 
next century (IPCC, 2007). The Qinghai-Tibet Plateau is a pilot region of climatic fluctua-
tion which is extremely sensitive to global climate change (Feng et al., 1998). Climate 
change has caused public concern over the last several decades and greater attention has 
been paid to its impact on the terrestrial ecosystems. Changes of vegetation coverage and its 
eco-environment effect are always one of the research hot spots in the field of global change 
(Anyamba and Tucker, 2005; Raynolds et al., 2006). 

The source regions of the Yangtze and Yellow rivers are important water conservation 
areas of China, which are extremely sensitive to ecological changes and they are also areas 
with abundant biodiversity in high altitude region (Wang et al., 2004). In recent years, 
grassland degradation, desertification, and soil erosion were aggravating and wetland area 
was decreasing caused by global climate change and unreasonable resource development, 
indicating ecological deterioration trend of the source regions increased gradually (Yang et 
al., 2004; Zhang et al., 2006). Research work about eco-environment effects of climate 
change was mainly carried out before 2000 and focused on dynamic change of vegetation in 
the source regions of the Yangtze and Yellow rivers (Pan et al., 2004; Yang et al., 2005); 
while there have been relatively few investigations since 2000. 

Normalized difference vegetation index (NDVI) is a ratio that uses the NIR and red bands, 
which is an indicator of vegetation cover density and plant growth condition. NDVI has 
been widely utilized to measure canopy attributes such as net primary production (NPP) 
(Sun et al., 2002), percentage of absorbed photosynthetically active radiations (APAR) 
(Sellers et al., 1992), leaf area index (LAI) (Johnson et al., 2003) and phytomass (Raynolds 
et al., 2006). Based on such findings, NDVI has then been used to describe vegetation pat-
tern (Zhang et al., 2009) and dynamic (Anyamba and Tucker, 2005), to explore responses to 
global changes (Guo et al., 2008) at regional and global scales. In this study, the spatial dis-
tribution and dynamic change of vegetation cover in the source regions of the Yangtze and 
Yellow rivers are analyzed in recent 10 years based on 1-km resolution multi-temporal 
SPOTVGT-DN data from 1998 to 2007. The primary objectives of this study was to (1) 
analyze the spatio-temporal patterns of NDVI in the source regions of the Yangtze and Yel-
low rivers; (2) explore the relationships between NDVI and air temperature, precipitation, 
and shallow ground temperature. The study will offer scientific basis for the 
eco-environmental protection in the source regions of the Yangtze and Yellow rivers and for 
the study of the response of alpine ecosystems to global climate change. 
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2  Materials and methods 

2.1  Study site description 

The headwaters of the Yangtze River are located between 32°30′–35°40′N and 
90°30′–96°00′E. The watershed area is 12.12×104 km2. The headwater region of the Yellow 
River is situated between 33°00′–35°35′N and 96°00′–102°35′E, with a watershed area of 
6.37×104 km2 (Pan et al., 2004). Both areas are on the Qinghai-Tibet Plateau (Figure 1), and 
the mean height above sea level exceeds 4500 m. 

 
Figure 1  Location of the study area 

Its climate is cold with average annual air temperature less than –0.4℃ and freezing pe-
riod extends from September to April of next year. Prevailing wind direction is west with 
mean wind speed of 3.0–5.0 m/s. Precipitation in the source regions of the Yangtze and Yel-
low rivers changed greatly, which decreased from 515.0 mm in the southeastern source re-
gions to 221.5 mm in the northwestern source regions. Mean annual evaporation was 
1300–1400 mm. Soils were predominantly Mattic cryic cambisols (NSSO, 1998) under 
Chinese taxonomy. These soils are characterized by the presence of a Mattic epipedon and 
the clay and silt composition content increased and soil organic matter (SOM) decreased 
with the depth. Ecosystem types distributed most widely in the regions were alpine meadow 
and alpine steppe, of which alpine meadow was distributed widely in the region of the Yel-
low River, and alpine steppe was mainly located in the region of the Yangtze River. The al-
pine meadow was dominated by Kobresia schoenoides, while the alpine steppe was domi-
nated by Stipa purpurea. Permafrost is widespread in the source regions, especially in the 
source region of the Yangtze River. 

2.2  Acquired data 

The ten-day composited NDVI data from May to October derived from the sensor 
VEGETATION on board the SPOT satellite platforms were acquired from the ‘Vlaamse 
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Instelling Voor Technologish Onderzoek’ (VITO, http://www.vgt.vito.be/). The SPOT-VGT 
S10 (10-day) NDVI composites at full resolution of 1 km are generated from primary 
SPOT-VGT products that were corrected for surface reflectance, molecular and aerosol 
scattering and water vapour, ozone and other gas absorption following procedures described 
by Duchemin et al. (2002). Air temperature and precipitation for the period 1998–2007 was 
obtained from the China Meteorological Bureau (http://www.cma.gov.cn/). Shallow ground 
temperature of permafrost obtained from Observation and Research Station of the Qing-
hai-Tibet Plateau, CAREERI. 

2.3  Data analysis 

The maximum value compositing (MVC) procedure as described by Holben (1986) was 
used to merge NDVI values from 10 consecutive days to get NDVI in every year and every 
month. The maximum value compositing for the synthesis of daily NDVI-values was found 
to be a reliable procedure for change detection of the vegetation cover (Cuomo et al., 2001; 
Lanfredi et al., 2003). 

To get NDVI values in the whole source regions and typical regions (3×3 pixels at the 
center of meteorological stations and permafrost observation stations), mean value of all 
pixels were calculated in the statistical region. A linear correlation with time was used to 
examine the change in NDVI in each pixel over the 10 years period. The trend in NDVI, CR, 
is calculated from CR=10×S×100/M, where CR is the change rate in NDVI of every pixel, S 
is the slope of the linear regression between the annual mean NDVI values and time per 
pixel, and M is the mean annual NDVI over the 10 years. The F test was used to examine the 
significance of these trends. Depending on the significance level of a trend, the pixel was put 
into one of the six classes: very marked increase or decrease (α≤0.01), marked increase or 
decrease (0.01<α≤0.05), indistinct increase or decrease (α>0.05) (Li and He 2009). 

Daily air temperature and precipitation from May to October in meteorological stations 
was analyzed to get mean air temperature and precipitation matching the NDVI in different 
periods. The meteorological stations in the source region of the Yellow River are Dari, 
Maduo, and in the Yangtze River are Wudaoliang, Tuotuohe and Qumalai. The correlation 
between mean air temperature, precipitation and NDVI was studied by regression analysis. 
The shallow ground temperature of permafrost observation stations located at Wudaoliang, 
Fenghuo Mountain and Kunlun Mountains was used to investigate the relationship between 
NDVI and shallow ground temperature. 

3  Results 

3.1  Spatio-temporal pattern of NDVI in the source regions of the Yangtze and Yellow 
rivers 

For the purpose of getting good knowledge about vegetation dynamic in the source regions 
of the Yangtze and Yellow rivers from 1998 to 2007, the mean value from the annual-maxi-
mum-NDVI during 1998–2000 and 2005–2007 were calculated, which represented vegeta-
tion cover at the beginning and ending of the study period (Figure 2). The results showed 
that vegetation cover in the source region of the Yellow River was better than that in the 
Yangtze River source region, and mean NDVI values decreased from southeast to northwest 
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of the source regions which were consistent with hydrothermal condition. NDVI with value 
over 0.54 was mainly distributed in the southeastern source region of the Yellow River, and 
most NDVI values in the northwestern source region of the Yangtze River were less than 
0.22. Alpine meadow and alpine shrub with high vegetation coverage dominated the south-
eastern source regions, while alpine steppe and alpine desert steppe were mainly distributed 
in the northwestern source regions. The difference in vegetation types exerted important 
effects on NDVI pattern. 

Change curve and trend line of annual mean NDVI in the source regions of the Yangtze 
River and Yellow rivers from 1998 to 2007 were calculated respectively (Figure 3). Trend 
line could filter the effects of short-term fluctuation in climate on vegetation cover  

 
Figure 2  Mean NDVI distribution in the source regions of the Yangtze and Yellow rivers during 1998–2000 (a) 
and 2005–2007 (b) 

 
Figure 3  Variation of annual NDVI in the source regions of the Yangtze and Yellow rivers during 1998–2007 
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and reflected integrated effects of environmental change on vegetation dynamic. Annual 
mean NDVI in the source region of the Yellow River was 0.519–0.590 and that of the 
Yangtze River was 0.336–0.377. Vegetation cover in the source regions of the Yangtze and 
Yellow rivers had the same changing tendency, which increased from 1998 to 2000, then 
decreased till 2003, and the largest annual mean NDVI occurred in 2006 (Figure 3). Annual 
mean NDVI in the two source regions increased with fluctuation from 1998 to 2007. Ac-
cording to the statistical test, regression equations were with confidence levels of 99%. 
However, the correlation coefficients were very small, especially in the source region of the 
Yellow River, indicated vegetation activity in the source regions of the Yangtze and Yellow 
rivers increased weakly. 

3.2  Changing trend of NDVI in the source regions of the Yangtze and Yellow rivers 

NDVI changing trend during 1998–2007 showed clear spatial differentiation for the source 
regions of the Yangtze and Yellow rivers (Figure 4). In the source regions of the Yangtze 
and Yellow rivers, NDVI change rate per pixel was mainly between –15% and 15% and 
change rate ranging between 15%–35% was primarily distributed mosaically in the source 
region of the Yangtze River. NDVI changing trend of pixel in most regions was an indistinct  

 
Figure 4  Spatial pattern of NDVI change rate (a) and significance level for NPP changing trend (b) in the source 
regions of the Yangtze and Yellow rivers during 1998–2007  
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increase or decrease, of which the pixel number of indistinct increase and indistinct decrease 
accounted for 63.98% and 22.28% of the total pixel numbers respectively. The pixel number 
of marked increase with confidence levels between 95 and 99% occupied 8.98% of the total 
pixel numbers. The area of very marked increasing regions with ≥99% confidence level was 
3.42%, the pixel number of which was 7847. The percentage of pixel number with very 
marked decreasing tendency was very little, being only 0.32%. 

The percentage of pixel number with very marked increasing and marked increasing ten-
dency in the Yangtze River source region was bigger than that in the Yellow River source 
region. The regions with very marked increasing tendency were mainly distributed on the 
south side of the Tongtian River and sporadically distributed in hinterland of the source re-
gion of the Yangtze River. The regions with marked increasing tendency were mainly lo-
cated along Xingsuhai and in the south of Dari county in the source region of the Yellow 
River and partial sections of Keqianqu, Tongtian, Chumaer and Tuotuo rivers in the source 
region of the Yangtze River. The north side of Tanggula Mountains in the source region of 
the Yangtze River and Dari and Maduo counties in the source region of the Yellow River 
were regions with marked decreasing tendency. The region with marked decreasing ten-
dency was also sporadically distributed in hinterland of the source region of the Yangtze 
River. 

3.3  NDVI change and correlation between NDVI and environmental factors in typical 
regions 

3.3.1  NDVI change in typical regions 

Mean NDVI of 3×3 pixels at the center of weather stations were analyzed, based on which 
the vegetation dynamic around the weather stations was investigated (Figure 5). NDVI near 
all meteorological stations fluctuated, increasing during 1998–2007, while it differed greatly 
on slope of the trend line at different meteorological stations. The increasing trend of NDVI 
near meteorological stations in the source region of the Yangtze River was more obvious 
than that in the source region of the Yellow River, which was mainly caused by the differ-
ence of vegetation status between the two source regions. Vegetation coverage was lower in 
the source region of the Yangtze River compared to that in the source region of the Yellow 
River and slight change in NDVI could lead to a great change rate. NDVI near Maduo fluc-
tuated greatly with the lowest value occurring in 2001. Vegetation status near Dari mete-
orological station was good and NDVI value was high, which, to a great extent, led to an 
unclear changing trend with correlation coefficient being only 0.2. The increasing trend of 
NDVI near Qumalai meteorological station located in the southwestern source region of the 
Yangtze River was most obvious. The slope of linear regression equation of Qumalai mete-
orological station was the highest with a value of 0.0117, and the correlation coefficient was 
0.83. Vegetation coverage near Wudaoliang and Tuotuohe meteorological stations was low 
and the NDVI was 0.15–0.25. Lags are thought to be common features of some ecosystems. 
Vegetation NDVI in eastern China maximally responds to the variation of temperature with 
a lag of about 10 days, and it maximally responds to the variation of precipitation with a lag 
of about 30 days (Cui et al., 2009). The vegetation index of the Red River Basin has a time 
lag effect that NDVI responds to the rainfall and temperature changes, the range of the lag 
time is between 15 and 165 days (Li and He, 2009). Interannual variation of annual NDVI 
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across northern Patagonia was little correlated with annual precipitation, either current or 
previous; however, it was highly and widely correlated with precipitation accumulated dur-
ing a few months of the previous growing season (Fabricante et al., 2009). On mesic sites in 
a temperate mixed deciduous forest, interannual variation in productivity and C allocation 
was related to annual growing season precipitation; however, this effect was delayed until 
the following growing season (Gregory et al., 2006). Notably, a significant decline in leaf 
production was observed in 2000 following a moderate drought in 1999 (Gregory et al., 
2006). The lowest NDVI value occurred around 2001 at each meteorological station and the 
lowest air temperature occurred in 2000, based on which we deduced the lowest NDVI value 
was consistent with the lowest air temperature better by considering lag effect of climate 
change on vegetation. 

 
Figure 5  NDVI changing trend in typical regions 

3.3.2  Correlations between NDVI and climatic factors 

The relation between mean monthly NDVI in the growing season and mean monthly air 
temperature, monthly precipitation at meteorological stations is shown in Figure 6. It is clear 
that there is a good positive correlation between mean monthly air temperature, monthly 
precipitation and NDVI at monthly scale, and their correlativity could be described as quad-
ratic equation. Qumalai had the largest correlation coefficient between NDVI and monthly 
precipitation and it was 0.71, while correlation coefficient at other meteorological stations 
was about 0.57. Correlation between NDVI and mean monthly air temperature at Dari me-
teorological station was the largest with correlation coefficient being 0.84, and Qumalai had 
the second largest correlation coefficient of 0.76. By comparing correlation coefficients be-
tween NDVI and mean monthly air temperature, and monthly precipitation, we found that 
correlation between NDVI and mean monthly air temperature was far robust than that be-
tween NDVI and monthly precipitation. Thus, conclusion that temperature appears to be the 
primary factor determining plant growth by contrast with precipitation could be obtained. 

3.3.3  Correlations between NDVI and shallow ground temperature 

In this research, shallow ground temperature matching NDVI data, provided by three obser-
vation stations of permafrost, was utilized. The three observation stations of permafrost was 
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Wudaoliang, Fenghuo Mountain and Kunlun Mountains, which was dominated by alpine 
steppe, alpine meadow and alpine desert steppe respectively. There are no long-term con- 

 
Figure 6  Correlations between NDVI and climatic factors 
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tinuous measurements of permafrost shallow ground temperature, so shallow ground tem-
perature consistent with NDVI data at time scale was selected. Shallow ground temperature 
of three depths (0 cm, 20 cm, 40 cm) in 2005 and 2006 at Wudaoling, two depths (10 cm, 30 
cm) in 2006 and 2007 at Kunlun Mountains, and two depths (10 cm, 20 cm) during 1999– 
2004 at Fenghuo Mountain were utilized. The correlation between mean monthly NDVI in 
the growing season and mean monthly shallow ground temperature is illustrated in Figure 7. 

 
Figure 7  Correlations between NDVI and shallow ground temperature 

Regarding correlation between NDVI in the growing season and shallow ground tem-
perature, Fenghuo Mountain had the largest correlation coefficient at approximately corre-
sponding depths; Wudaoliang had the second largest correlation coefficient, and the correla-
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tion coefficient in Kunlun Mountains was the lowest. Few studies demonstrated that active 
layer was significantly positive with ground temperature of permafrost (Wu et al., 2003; 
Guglielmin et al., 2008). In this research, Fenghuo Mountain, Wudaoliang and Kunlun 
Mountains were in the order of increasing active layer depth; and combined the correlation 
of NDVI with shallow ground temperature the conclusion that active layer depth of perma-
frost related with NDVI closely was drawn. Active layer depth in alpine meadow was the 
lowest, and in alpine desert steppe was the largest. We could deduce that alpine meadow 
was most sensitive to permafrost degradation caused by global warming. 

The increasing trend of correlation coefficient with the depth was detected in every ob-
servation station of permafrost. Making further comparison of the correlation coefficient in 
Fenghuo Mountain and Wudaoliang, the correlation of NDVI with ground temperature at a 
depth of 20 cm appeared to be the largest. During our field investigation, we found plant 
roots were mainly distributed at a depth of 0–20 cm, therefore, ground temperature at 20 cm 
would exert the largest effects on ecological characteristics of roots, which probably caused 
the largest correlation between NDVI and ground temperature at a depth of 20 cm. 

4  Discussion 

Permafrost was distributed widely in the source regions of the Yangtze and Yellow rivers, 
especially in hinterland of the source region of the Yangtze River which was occupied by 
large area of continuous permafrost (Wang et al., 2001). Permafrost plays a significant role 
on vegetation production in the alpine grassland ecosystem in permafrost areas due to the 
fact that permafrost as a semi-permeable layer could prevent soil moisture infiltrating and 
supply an ample water resource for plant growth. Meanwhile, permafrost is beneficial for 
plant survival and organism remaining in soil and plays an important role in nutrients cy-
cling (Li et al., 2005). Climate warming over past decades has caused wide and fast degra-
dation of permafrost, resulting in the retrogressive succession of alpine vegetation on the 
Qinghai-Tibet Plateau (Guo et al., 2007). Alpine swamps changed into alpine meadows, then 
into alpine steppe and finally into alpine desert steppes in the process of permafrost degra-
dation on the Qinghai-Tibet Plateau (Guo et al., 2007). Results obtained using static 
analogic approach indicated vegetation coverage decreased gradually, based on which the 
conclusion could be drawn that NDVI in permafrost areas on the Qinghai-Tibet Plateau 
should decrease in theory during permafrost degradation in the context of global warming. 
However, the results obtained in our study showed that changing trend of NDVI in the 
source regions of the Yangtze and Yellow rivers was increasing; even if in hinterland of the 
source region of the Yangtze River which was occupied by large area of continuous perma-
frost, the percentage of area with an increasing trend was larger than that of area with a de-
creasing trend. There existed discrepancy between results obtained from this study and from 
theoretical analysis. 

The response of alpine ecosystem to permafrost degradation existed lag effect, which was 
the primary factor causing the discrepancy between results obtained from this study and 
from theoretical analysis. Decreased soil moisture during permafrost degradation caused 
alpine swamps to change into alpine meadows, which was validated adequately in field in-
vestigation. Permafrost degradation was a long-term dynamic process and so was the re-
sponse of alpine grassland ecosystem in permafrost areas to permafrost degradation. There-
fore, in the process of retrogressive succession of alpine ecosystem during permafrost deg-
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radation, the swamp water surface and soil moisture decreased gradually. During our field 
investigation in permafrost areas, we found though water surface lowered at the beginning of 
permafrost degradation, vegetation coverage changed little, which caused no change in 
NDIV during permafrost degradation.  

Spatial resolution of SPOT-VGT NDVI was too large to detect little change in ecosystem 
degradation at local scale. Permafrost degradation exhibited more modes such as active layer 
thickening, ground temperature increasing, continuous permafrost changing into island per-
mafrost, thawy interlayer and lower boundary change (Li and Cheng, 1999; Jin et al., 2000). 
Spatial distribution of permafrost was controlled by landform, physiognomy, altitude and 
vegetation status and possessed large variability. Thus, the response of vegetation to perma-
frost degradation varied. The response of vegetation to permafrost degradation at smaller 
scale was filtered and only extensive change process was reflected at pixel scale, which 
could also cause increasing trend in NDVI in the context of permafrost degradation. 

Ground temperature increased gradually during permafrost degradation (Kattsov et al., 
2005). Increased ground temperature in the process of permafrost degradation weakened the 
stress effect of low temperature and lengthened growing season, which were beneficial to 
plant growth. An important indirect effect was that increased soil temperature resulting in 
improved nutrient mineralization and more soil nitrogen could be utilized which caused the 
increase of vegetation activity, and increase of NDVI eventually (Jonasson et al., 1999; 
Mack et al., 2004; Schuur et al., 2007). 

Permafrost is the material foundation that permafrost ecosystem keeps ecological balance. 
Permafrost warming and degradation are associated with dramatic changes in below-ground 
conditions for plant growth (Cao et al., 2006; Hobbie et al., 2000). Study on role of vegeta-
tion and climate in permafrost active layer depth in Arctic tundra showed warmer permafrost 
had high vegetation cover (Kelley et al., 2004). Coupled relationship between water and heat 
process was of great importance for plant growth (Wu et al., 2003). Rising ground tempera-
tures may increase N mineralization rates (Waelbroeck et al., 1997), which was beneficial 
for plant growth. However, increasing ground temperature dropped down permafrost table 
which caused soil moisture decrease (Peng et al., 2003). Increasing shallow ground tem-
perature had greater positive effect on vegetation activity in permafrost areas on the Qing-
hai-Tibet Plateau in short term. In the long-term point of view, permafrost will disappear 
with increasing ground temperature caused by rising air temperature, which will make soil 
much dryer with smaller water supply and generate extremely dry conditions for plant 
growth (Zhang et al., 2004). Sequentially, moderate hygrophilous plants are replaced by 
xerophilous plants, or even rodent damage (Liang et al., 2007). Air temperature as a main 
river for vegetation change influenced plant growth directly through change in length of 
growing season and indirectly through change in permafrost conditions including deepening 
of thaw depth and increasing of shallow ground temperature. Shallow ground temperature 
could be reviewed as mediating driver of air temperature for vegetation change, which ex-
erted more effects on plant growth due to that belowground biomass mainly distributed at a 
depth of 0–40 cm in permafrost areas on the Qinghai-Tibet Plateau (Wang et al., 2006). It 
appears that vegetation coverage in permafrost areas on the Qinghai-Tibet Plateau responds 
to shallow ground temperature more dramatically compared with response to air temperature, 
which could be verified by correlation coefficient between NDVI and shallow ground tem-
perature and mean air temperature in this study. 
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5  Conclusions 

In this paper, we have studied the spatial distribution and dynamic change of vegetation 
cover in the source regions of the Yangtze and Yellow rivers based on 1-km resolution 
multi-temporal SPOTVGT-DN data from 1998 to 2007, and the correlative relationships 
between mean monthly air temperature, monthly precipitation, shallow ground temperature 
and NDVI were analyzed. The results are as follows: 

(1) Annual mean NDVI in the source region of the Yellow River was 0.519–0.590 and 
that in the source region of the Yangtze River was 0.336–0.377, which indicated vegetation 
cover in the Yellow River source region was better than that in Yangtze River source region. 
Mean NDVI values decreased from southeast to northwest of the source regions, which was 
consistent with hydrothermal condition. NDVI with a value over 0.54 was mainly distributed 
in the southeastern source region of the Yellow River, and most NDVI values in the north-
western source region of the Yangtze River were less than 0.22. Vegetation cover in the 
source regions of the Yangtze and Yellow rivers had the similar change curve. 

(2) NDVI changing trend during 1998–2007 showed clear spatial differentiation for the 
source regions of the Yangtze and Yellow rivers. NDVI changing trend in most regions was 
indistinct increase or decrease, which the pixel number of indistinct increase and indistinct 
decrease accounted for 63.98% and 22.28% of the total pixel numbers respectively. The area 
of marked increase with confidence levels between 95 and 99% occupied 8.98% of the total 
pixel numbers, which was mainly distributed in Xingsuhai and the south of Dari county in 
the source region of the Yellow River and partial sections of Keqianqu, Tongtian, Chumaer 
and Tuotuo rivers in the source region of the Yangtze River. The regions with very marked 
increasing tendency were mainly distributed on the south side of Tongtian River and spo-
radically distributed in hinterland of the source region of the Yangtze River, which ac-
counted for 3.42% of pixel number. The north side of Tanggula Mountains in the source 
region of the Yangtze River and Dari and Maduo counties in the source region of the Yellow 
River were regions with marked decreasing tendency. The proportion of area with very 
marked decreasing tendency occupied only 0.32%. 

(3) It is clear that there is a good positive correlation between mean monthly air tempera-
ture, monthly precipitation and NDVI, and their correlativity could be described as quadratic 
equation. Correlation between NDVI and mean monthly air temperature was far robust than 
that between NDVI and monthly precipitation, showed temperature was a more important 
factor determining plant growth by contrast with precipitation. The increasing trend with the 
depth in the correlation coefficient of mean monthly NDVI in the growing season with mean 
monthly shallow ground temperature was detected in every observation station of permafrost. 
The correlation of NDVI with ground temperature at a depth of 20 cm appears to be the 
largest. Alpine meadow was most sensitive to permafrost degradation caused by global 
warming. The importance of shallow ground temperature, mean air temperature and pre-
cipitation which influenced vegetation cover was decreased orderly. 
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