
Introduction

Global warming and its environmental effects are 
major issues in contemporary global environmental 
change research. Affected by global and regional 

warming, the Qinghai-Tibet Plateau (QTP), considered 
the “Third Pole” in addition to the Antarctic and the 
Arctic, is undergoing complex changes in its surface 
natural geography [1-3]. Vegetation is the primary link 
between surface materials and energy cycles, and the 
study of temporal and spatial changes and response 
processes in the QTP under climate warming is of great 
significance in understanding the response of terrestrial 
ecosystems to global and regional climate change.
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Abstract

The vegetation of the Qinghai-Tibet Plateau (QTP) is fragile and vulnerable to global and regional 
climate change. This paper analyzed the temporal and spatial variability of NDVI and response to 
temperature and precipitation in the QTP from 1982 to 2015. The results showed that: (1) there was a non-
significant increase temporally, while there was a significant spatial increase that accounted for 63.26% 
of the total area and was distributed in the north, west, and south of the QTP. A significant decrease 
was concentrated southeast of the QTP. (2) Average NDVI values for the main vegetation types in the 
QTP were broadleaf forest>coniferous forest>shrub>meadow>alpine vegetation>grassland>desert. 
NDVI values of grassland, alpine vegetation, and desert vegetation had a significant linear increase, 
while NDVI for shrub, coniferous, and broadleaf forest decreased non-significantly. (3) The correlation 
coefficients between NDVI and temperature were spatially distributed in a north-south direction with 
latitudinal zonal characteristics. The correlation coefficients between NDVI and precipitation were 
distributed in an east-west direction with dry-humidity zonal characteristics. The study concluded that 
with the lack of hydrothermal conditions in the northern part of the QTP, NDVI increased significantly, 
while there was a significant decrease in areas with sufficient hydrothermal conditions.
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The normalized difference vegetation index (NDVI) 
is a data set that has high temporal and multi-spatial 
resolutions. Obtained by remote sensing, NDVI provides 
strong support for the study of global and regional 
vegetation ecosystem changes [4-5]. NDVI-based 
research on QTP has focused on four aspects: (1) the 
spatial and temporal changes of vegetation ecosystems 
and their response to climate change; (2) The response 
of vegetation ecosystems to climate change and human 
activities; (3) Vegetation ecosystem function changes, 
especially vegetation carbon sink functions; and (4) 
Vegetation phenology changes.

Early research on the spatial and temporal changes 
of vegetation was based on the global inventory 
modelling and mapping studies (GIMMS) NDVI data 
(1982-2006 or 1982-2013), the moderate resolution 
imaging spectroradiometer (MODIS) NDVI (since 
2000), and SPOT NDVI (since 1999) in the QTP [6-
8], Sanjiangyuan [9], Yarlung Zangbo [10], Tibet 
Autonomous Region [11], and Qinghai Province [12]. 
Because the data used had varying temporal and 
spatial resolutions, changes in vegetation over the same 
spatial range were different and horizontal comparisons 
cannot be made. Since that time, different versions of 
the same data have been produced, such as GIMMS 
NDVIg and NDVI3g data. Du et al. found that average 
NDVI3g data values were higher than MODIS NDVI 
and Landsat NDVI values over the same period [13]. In 
the second research focus, NDVI, meteorological data, 
ecological protection policies, and major projects were 
used to quantitatively distinguish the impacts of climate 
change and human activities on vegetation ecosystem 
changes in the QTP [14-17]. However, their conclusions 
differed. Some studies have argued that climate change 
is the main controlling factor of vegetation in the QTP, 
while others believe that climate change and human 
activities play opposite roles, with time-varying stages 
and a heterogeneous spatial distribution [18-20]. In the 
third research focus, the spatial and temporal variability 
of net primary productivity (NPP) and carbon storage/
carbon sinks in different regions and across different 
vegetation types in the QTP were described, along 
with their relationships with climate change and human 
activities. Those studies indicated that with global 
warming and the implementation of environmental 
protection and restoration projects, the vegetation 
of the QTP improved overall but with some local 
deterioration. Ecosystem function also improved overall 
[21-24]. The last research focus has found that QTP 
vegetation phenology has advanced and the growth 
period has been prolonged. For the vegetation of the 
QTP, plant growth and development has increased along 
with vegetation carbon storage [25-27].

Since the 1980s, the vegetation conditions in 
the QTP have generally improved but with some 
deterioration. The increase of glacial meltwater caused 
by climate warming, the expansion of lake area, the 
shrinkage of permafrost area and increases in soil 
temperature provided favorable condonations for 

the growth and development of vegetation in QTP. 
Vegetation ecosystem service functions and carbon 
storage/carbon sinks have been further enhanced. 
Although research on the vegetation of the QTP is rich 
and comprehensive, there are still some gaps, especially 
the spatial characteristics of and differences between 
vegetation types, and their response to climate change. 
For example, GIMMS NDVIg from 1982 to 2006 and 
MODIS NDVI after 2000 have been used to study 
vegetation change in the QTP [28-30], while the latest 
GIMMS NDVI3g from 1982 to 2015 provide long-term 
sequence data.

To establish a scientific basis for environmental 
protection and restoration in the QTP, this paper will 
analyze NDVI variability in vegetated ecosystems 
and across different vegetation types, including their 
response to climate change, using GIMMS NDVI, 
temperature, precipitation from 1982 to 2015, and 
vegetation type. Methods include linear regression 
modeling, correlation coefficients, partial correlation 
coefficients, and t-tests.

Material and Methods

Study Area

The QTP is located in western China between 
74°27′E-104°59′E and 27°12′N-38°20′N, and includes 
Xinjiang Uygur Autonomous Region, Gansu Province, 
Sichuan Province, Yunnan Province, Qinghai Province, 
and Tibet Autonomous Region. This includes the 
entire Tibet Autonomous Region and Qinghai Province  
(Fig. 1), with a total land area of approximately 
259.82×104 km2. The south of the QTP is along 
the southern margin of the Himalayas, the Kunlun 
Mountains, Altun Mountains, and the northern edge of 
the Qilian Mountains are to the north, Pamirs and the 
Karakoram Mountains are to the west, and to the east 
is the western section of the Qinling Mountains and 
the Loess Plateau. The elevation of the QTP is between 
3000 m and 5000 m with an average elevation of 4000 
m. The QTP is called the “Roof of the World” and can 
be divided into six parts: the northern Tibetan Plateau, 
the southern Tibet Valley, Qaidam Basin, the Qilian 
Mountains, the Qinghai Plateau, and the Sichuan-Tibet 
Alpine Valley.

The climate of the QTP is a unique plateau climate 
with strong solar radiation, long sunshine hours, 
low average temperature, low annual temperature 
accumulation, large temperature differentials, long 
dry and cold winters, and cool and rainy summers. 
The annual average temperature drops from 20ºC to 
below 6ºC from south to north and annual precipitation 
decreases from 2000 mm to less than 50 mm. The QTP 
is the birthplace of many rivers in East Asia, Southeast 
Asia, and South Asia, such as the Yellow River, the 
Yangtze River, the Lancang River, and the Yarlung 
Zangbo River. In addition, the QTP is also a region with 
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densely distributed lakes in China, including Qinghai, 
Selin, Namu, Eling, and Bangong Lakes.

There are various types of vegetation in the QTP, 
including coniferous forest, coniferous and broad-
leaved mixed forest, broadleaf forest, shrub, desert, 
grassland, grass, meadow, swamp, alpine vegetation, 
cultivated vegetation, and other vegetation. Among 
them, grasslands cover the widest area, accounting 
for 27.76% of the total area, followed by meadows 
(25.32%), alpine vegetation and shrubs (11.26% and 
10.25%, respectively), and other vegetation types (less 
than 10%). With global warming, glacier melt and loss 
are accelerating, the water volume of plateau lakes is 
increasing, lake water levels are rising, and changes in 
the fragile terrestrial systems of the QTP have received 
extensive attention.

Materials

The data used in this study included: (1) GIMMS 
NDVI3g (1982-2015). GIMMS NDVI global vegetation 
index data by National Aeronautics and Space 
Administration (NASA) were downloaded from  
http://nex.nasa.gov/nex/ Website. The data were version 
3g.vi and compressed in .ncf format. GIMMS NDVI 

data with a temporal resolution of 15d and a spatial 
resolution of 8km were decompressed, projected, and 
resampled using MATLAB software. The monthly 
GIMMS NDVI data were calculated from the 15d data 
using the mean method and annual GIMMS NDVI data 
from 1982 to 2015 were calculated from monthly data 
by the maximum value composition (MVC) method. 
Annual GIMMS NDVI data were resampled to 1km 
resolution to analyze spatial and temporal changes and 
their relationship with temperature and precipitation. 
(2) Spatial interpolation data for temperature and 
precipitation (1982-2015). The data were generated 
using Australian ANUSPLIN interpolation software 
with a 1km resolution of 1km from daily observations 
at more than 2400 meteorological stations across China. 
(3) Vegetation type data. The data were obtained by 
digitizing a 1:1 000 000 Chinese Vegetation Atlas [31], 
with a 1km resolution. (4) Vector boundary for the QTP.
Among the above data, sources (2), (3) and (4) were 
collected from the Resource and Environment Data 
Cloud Platform (http://www.resdc.cn). Using the vector 
boundary for the QTP, annual GIMMS NDVI data from 
1982 to 2015, annual interpolation data for temperature 
and precipitation, and vegetation type data were 
obtained.

Fig. 1. Study area.
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Methods

Linear Regression model

Taking NDVI as the dependent variable (y), and 
the year as the independent variable (x), the linear 
regression model for NDVI and year was calculated 
using the least squares method. The formula is [32]:
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...where, a is the coefficient (rate of change), and b is 
a constant. y‾  and x‾   are averages for NDVI and year of 
1982-2015, respectively. After the linear regression 
model was obtained, significance testing was performed 
using the F-test. The formula is [32]:
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...where, y’ is the fitted value of y calculated by the 
linear regression model. After calculating the F value, 
at α = 0.05, the critical value of F was identified as 
4.15 from the F distribution table. If F>4.15, the linear 
regression equation was significant, otherwise it was not 
significant.

Correlation and Partial Correlation Analysis

Correlation analysis was used to analyze the 
relationships between NDVI and temperature and 
precipitation. The correlation coefficient was used 
to analyze the correlations between two independent 
variables, such as those between NDVI and temperature, 
and NDVI and precipitation. The formula is [32]:
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Where, rxy is the correlation coefficient with a value 
between -1 and 1. The closer the absolute value of rxy is 
to 1, the stronger the correlation, and vice versa. y‾   and  
x‾  are the average values of x and y, respectively. After 
calculating the correlation coefficient, when α = 0.05, 
the critical value of the correlation coefficient threshold 
was 0.3494 in the correlation coefficient threshold 
distribution table. If |rxy|>0.3494, the correlation was 
significant, otherwise it was not significant.

The partial correlation coefficient was used to 
analyze the relationship between any two variables of 
NDVI, temperature, and precipitation. Assuming that 
one of the variables was unchanged, the correlation 
between the other two variables was calculated as  
[32]:

             (8)

...where, r12·3 is the partial correlation coefficient 
for variables 1 and 2 when variable 3 was unchanged. 
r12, r13 and r23 are the correlation coefficients for 
variables 1 and 2, variables 1 and 3, and variables 2 
and 3, respectively. The partial correlation coefficients  
were tested using the t-test method and the formula is 
[32]:

          (9)

...where, n is the number of samples and m is the number 
of independent variables, while the other variables  
are the same as above. After the t value was 
calculated, when α = 0.05, the critical value for t was 
2.042 from the t distribution table. If t>2.042, the 
partial correlation was significant, otherwise it was not 
significant.

Results 

Temporal and Spatial Changes in NDVI 
over the QTP

Temporal Change 

The main vegetation types on the QTP (grassland, 
meadow, alpine vegetation, and shrub) had the lowest 
average NDVI values. The annual average from  
1982-2015 was only 0.3568. The annual average NDVI 
also increased non-significantly during the study 
period (Fig. 2a). The lowest annual average NDVI  
was 0.3466 in 2003 and the highest was 0.3637 in 
2012. The difference between the two was small, only  
0.0161.

According to NDVI anomaly variability in the 
QTP, NDVI change could be divided into four stages  
(Fig. 2b). During the first stage from 1982 to 1987, 
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the annual average NDVI was 0.3521. Compared with 
the annual average from 1982 to 2015, anomalies 
were negative and NDVI values in the first stage were 
lower than the average over the whole period from 
1982 to 2015. During the second stage from 1988 to 
2000, the annual average was 0.3589 and anomalies 
were primarily positive. There were eight years of 
positive anomaly values and five years when they were 
negative. NDVI variability during this stage was more 
pronounced. During the third stage from 2001 to 2008, 
the annual average was 0.3537, which was the lowest of 
the four stages. Aside from positive anomalies in 2002 
and 2005, the other years had negative anomalies. The 
fourth stage was from 2009 to 2015 and the annual 
average NDVI was 0.3603. Aside from the negative 
anomaly in 2014, the other years were positive. The 
improvement in NDVI during this stage may have been 
related to the ecological security barrier project in the 
QTP that began in 2008.

Overall, annual average NDVI values during the 
first and third stages were lower than values from 1982 
to 2015, and these two stages reflected relatively poor 
vegetation. In the second and fourth stages, NDVI 
increased, but the second stage showed an increase in 
NDVI. The fourth stage indicated that NDVI in the 
QTP increased and the overall values were relatively 
high.

Spatial Change 

The spatial distribution of NDVI change from 
1982 to 2015 (Fig. 3a) revealed a linear increase that 
accounted for 85.87% of the total area (excluding water 
bodies and areas with no data). The annual average 
change rate of NDVI primarily ranged from -0.002 
and <0.004, accounting for 97.80% of the total area, in 
which the range from -0.002 to 0 accounted for 13.07%, 
from 0 to 0.002 accounted for 64.40%, and from 0.002 
to 0.004 accounted for 20.33%. From 1982 to 2015, areas 
with higher rates of NDVI increase were concentrated 
in the southern, eastern, and northeastern marginal 
areas of the Qaidam Basin in Qinghai Province, and 
southern Tibet, while the areas with NDVI decreases 
were concentrated along the eastern edge of the QTP 
in Sichuan Province, and a small part was distributed in 
eastern Tibet.

Using the linear change rate and F-test results for 
NDVI from 1982 to 2015, the change trend was divided 
into four types: non-significant decrease, significant 
decrease, non-significant increase, and significant 
increase (Fig. 3b). NDVI increased in the northern, 
western, and southern parts of the plateau, such as 
the western and northern parts of Qinghai Province, 
southern Xinjiang, and western and southern Tibet, 
accounting for 63.26% of the total area. Due to the 
distribution of provincial capitals, cities, and counties 

Fig. 2. Change in annual average NDVI a) and anomalies b).
Fig. 3. Spatial distribution of NDVI change rate a) and F-test 
results b).



Wang T., et al.4390

in the QTP, it was known that areas with significant 
increases were distributed where there were few cities 
at all levels. It was assumed that human activities in the 
region were relatively sparse and vegetation changes 
were mainly influenced by the climate. Improving 
hydrothermal conditions were conducive to the growth 

and development of vegetation and NDVI increased. 
In other areas, vegetation growth and development 
were limited and NDVI decreased. Areas with 
significant NDVI decreases were concentrated in the 
southern part of the plateau where cities were densely 
distributed, such as eastern Tibet, southern Qinghai, 

Linear change trend

0.00005

Fig. 4. Change processes (a-g) and the ratios of NDVI change rates h) for different vegetation types.
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western Sichuan, and the border of the three provinces. 
Significant and non-significant decreases, as well as 
non-significant increases, were distributed in those 
areas with respective proportions of 3.45%, 10.68%, and 
22.61%. With global warming, the average temperature 
of the QTP increased, which provided favorable 
conditions for vegetation growth and development that 
led to a large-scale significant increase in NDVI from 
1982 to 2015.

NDVI Changes Across Different 
Vegetation Types 

The primary vegetation types in the QTP (grassland, 
meadow, alpine vegetation, shrub, desert, coniferous 
forest, and broadleaf forest) accounted for 91.45% of the 
total area. Using the spatial distribution data for these 
types corresponding NDVI values were extracted and 
the temporal and spatial change results calculated by the 
F-test were analyzed to better understand the dynamic 
changes in vegetation (Fig. 4).

Among the seven main vegetation types, average 
NDVI values for broadleaf forest from 1982 to 
2015 were the highest, reaching 0.8628, followed by 
coniferous forest vegetation at 0.7197. The average 
values for shrub, meadow, and alpine vegetation were 
0.6335, 0.4899, and 0.2524, respectively. Average 
NDVI values for grassland and desert were the lowest 
at only 0.1972 and 0.1032, respectively. NDVI values 
for grassland, meadow, alpine vegetation, and desert 
vegetation types increased over time. Significant 
increases occurred in grassland, alpine vegetation, 
and desert vegetation types with showed a significant 
increasing process, and the linear rates of increase 
were 0.0003/a, 0.0003/a, and 0.0002/a, respectively 
(Fig. 4a, Fig. 4b, Fig. 4c and Fig. 4e). As global average 
temperatures rose, the average temperature in the QTP 
also gradually increased and the thermal conditions 
required for the growth of plateau vegetation gradually 
improved, resulting in an increase in overall vegetation. 
NDVI values for shrub, coniferous and broadleaf forest 
vegetation decreased, but they were non-significant 
(Fig. 4d, Fig. 4f and Fig. 4g). F-test results showed that 
seven vegetation types on the QTP showed significant 
NDVI increases during 1982-2015, especially on the 
areas with significantly increased NDVI for desert, 
grassland, alpine vegetation, meadow and broadleaf 
forest, the increase reached 85.36%, 76.63%, 65.43%, 
51.93% and 50.69%, respectively (Fig. 4h) .

NDVI Response to Climate Change 

Temperature and precipitation are important 
indicators for climate. The response of NDVI to 
temperature and precipitation changes could help 
describe the impacts of climate change on terrestrial 
vegetation ecosystems of the QTP [33]. The correlation 
coefficients, partial correlation coefficients, and t-test 
results were divided into four types: significant negative 

correlation, negative correlation, positive correlation, 
and significant positive correlation (Fig. 5).

Temperature is a characteristic indicator of heat. 
As the global climate warmed, temperatures in the 
QTP also increased, providing more thermal resources 
for vegetation growth. There was a latitudinal spatial 
distribution of the correlation coefficients between NDVI 
and temperature, and positive correlation coefficients 
were concentrated in the northern part of the QTP (Fig. 
5a). The spatial distribution of the correlation coefficients 
between NDVI and precipitation was from dry to wet 
in the east-west direction, and positive correlations 
with north-south direction were concentrated in 
the central eastern and the central western regions 
(Fig. 5b). The correlation coefficients and partial 
correlation coefficient t-test results between NDVI and 
temperature in the QTP from 1982 to 2015 were mainly 
positive and the spatial distribution was relatively 
uniform in a north-south distribution. Significant 
positive correlations were distributed in Qinghai 
Province in the northern QTP and the border areas 
of Qinghai, Xinjiang, and Tibet. Significant negative 
correlations were concentrated from west to east in the 
central and southern parts of the QTP, mainly in Tibet 
and Sichuan Province, and small areas were found 
along the border between southeast Qinghai Province 
and Sichuan Province, accounting for 6.46% and 7.59%, 
respectively (Fig. 5c, Fig. 5e). The QTP had fewer 
thermal resources, higher temperatures, and increased 
caloric resources that improved vegetation stability 
and development. However, the negative correlations 
between NDVI and temperature reflected that NDVI 
in those areas did not increase with temperature, but 
rather decreased. The driving factors of this process are 
still unknown and need to be studied separately.

The correlations and partial correlations between 
NDVI and precipitation were lower than those between 
NDVI and temperature. However, the correlation 
coefficients between NDVI and precipitation and 
the partial correlation coefficient t-test results were 
still mainly positive and the spatial distribution was 
consistent from east to west (Fig. 5d, Fig. 5f). Among 
them, significant positive correlations were distributed 
in the northern part of Qinghai Province, south central 
and eastern Tibet, and the junction between Tibet and 
Xinjiang. Significant negative correlations were found 
in relatively small areas in the southeastern part of 
Qinghai Province and western, central, and southern 
Tibet, accounting for 1.80% and 1.92% of the total area, 
respectively. Significant correlations between NDVI 
and temperature and precipitation in the QTP and the 
proportion of significant partial correlations indicated 
that, under the influence of temperature or precipitation 
change, areas with significant negative correlations 
and significant negative partial correlations between 
NDVI and temperature increased, while the significant 
positive correlations and significant partial correlations 
decreased. This means that temperature had a negative 
cross-effect on the correlations between NDVI 
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and precipitation, and precipitation had a negative 
cross-effect on the correlations between NDVI and 
temperature, leading to increases in significant negative 
correlations and decreases in positive correlations.

Discussion 

NDVI plays an important role in reflecting global 
climate change and characterizing surface vegetation 

ecology and productivity. The results of prior NDVI 
research in the QTP were fairly consistent with the 
results of this study. It showed that due to global 
warming, NDVI and net primary productivity increased 
from the 1980s [18, 34]. However, due to the different 
length of the NDVI dataset used, the spatial change 
distribution was not the same. The GIMMS NDVI data 
used in this paper covered a long time series (from 
1982) but with resolution was lower, while the MODIS 
NDVI data had higher resolution and a shorter time 

Fig. 5. Spatial distribution of correlation coefficients (a, b), correlations (c, d) and partial correlation relationship (e, f) between NDVI 
and temperature, precipitation.
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series (from 2000) [8]. A combination of the two could 
meet the need for a long-term temporal sequence and 
better spatial detail.

Yao et al. proposed three modes of interaction 
between the modern westerly winds and the Indian 
monsoon on the QTP: the Indian monsoon mode, the 
westerly mode, and the transitional mode [35]. Under 
the influence of the Indian monsoon, lakes in the 
Yarlung Zangbo River Basin in the south of the QTP 
generally shrink, and lakes in the northern Qiangtang 
Plateau generally grow significantly [36]. This study 
showed that significant increases in NDVI from 1982 
to 2015 were mainly distributed in the northern and 
west of the plateau controlled by the westerly winds, 
while the decreasing vegetation in the southeastern 
part of the plateau was controlled by the Indian 
monsoon. This confirmed the influence of the Indian 
monsoon and westerly wind modes in the QTP in the 
past 30 years. Global warming produced significant 
differences in NDVI variability across different parts 
of the QTP. NDVI declined in the southeastern region 
where hydrothermal conditions were abundant, and 
increases in NDVI occurred in the northern part of the 
QTP where hydrothermal conditions were relatively 
poor. The change of NDVI in different vegetation type 
response to air temperature and precipitation changes in 
the QTP was also obvious. Higher values for broadleaf 
forest, coniferous forest, shrub, and meadow distributed 
in the southeast of the QTP actually declined or slightly 

increased (meadow) in the QTP from 1982 to 2015, 
while NDVI values for vegetation types with lower 
average values, such as alpine vegetation, grassland, 
and desert distributed in the north-central and western 
parts of the QTP, showed a significant increase. This 
reflects that during the study period, the abundance 
of vegetation types with lower NDVI values were 
higher than those with higher NDVI. This implies that 
climate change had differential effects on the vegetation 
ecosystems of the QTP. For example, relatively fragile 
alpine vegetation, grassland, and desert vegetation 
ecosystems improved, while broadleaf forest, coniferous 
forest, and shrub showed signs of deterioration, which 
needs to be taken seriously.

Zheng et al. studied increases in temperature 
and precipitation in the QTP, finding that the dry-
wet boundary has shifted to the northwest [37]. From 
1982 to 2015, the spatial distribution of annual average 
temperature and annual precipitation change in the 
QTP reflected an increase in those variables. Only a 
small area in the southern and western part of the QTP 
showed a decline (Fig. 6). That is, most of the QTP 
experienced a warm and humid trend, which provided 
favorable conditions for vegetation growth. NDVI 
values significantly increased for alpine vegetation, 
grassland, and desert vegetation in the QTP in areas 
with fragile vegetation and low NDVI [7-8, 28, 30,]. To 
determine whether the increase or decrease in NDVI 
for different vegetation types was related to cyclical 
climate change, it was also necessary to set the NDVI 
periodic fluctuation threshold to identify whether 
the trends from the 1980s were within the range of 
vegetation fluctuations caused by climate change. If 
NDVI only fluctuates cyclically with climate change, 
there is no need to investigate this further, but if it 
exceeds the range of cyclical fluctuations, it needs to be 
taken seriously.

Conclusions

(1) NDVI in the QTP from 1982 to 2015 increased 
non-significantly overall, where the periods from 1982-
1987 and 2001-2008 had negative anomalies, and 1988-
2000 and 2009-2015 had positive anomalies. Spatial 
variability mainly increased in the north, west, and 
south of the QTP, such as the western and northern 
parts of Qinghai Province, southern Xinjiang, and 
western and southern Tibet, accounting for 63.26% of 
the total area. Significant decreases were concentrated 
in the southeastern part of the QTP, such as the eastern 
part of Tibet, the southern part of Qinghai Province, the 
western part of Sichuan Province, and the border areas 
of the three provinces, accounting for only 3.45% of the 
total area.

(2) Average NDVI values for the main vegetation 
types in the QTP were: broadleaf forest>coniferous 
forest>shrub>meadow>alpine vegetation>grassland 
>desert, in which NDVI for grassland, alpine vegetation, 

Fig. 6. Spatial distribution of annual average temperature and 
precipitation change rates (1982-2015).
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and desert vegetation had significant linear increases. 
The meadow vegetation type had a non-significant 
increase, while NDVI for shrub, coniferous, and 
broadleaf forest vegetation had non-significant 
decreases. This process may reflect the spatial variation 
of climate change impacts on QTP vegetation. Areas 
that lacked hydrothermal conditions in the northern part 
of the QTP had a significant increase in NDVI, while 
areas with sufficient hydrothermal conditions in the 
southeastern part of the QTP had a significant decrease.

(3) The correlation coefficients between NDVI 
and temperature of the QTP were spatially distributed 
in a north-south direction with latitudinal zonal 
characteristics. Significant positive correlations were 
distributed in the north-central areas of the QTP, 
accounting for 15.80%, and significant negative 
correlations were distributed in the south-central parts, 
accounting for 6.46%. The correlation coefficients 
between NDVI and precipitation were distributed from 
east to west and had dry and humid zonal characteristics. 
Significant positive correlations were distributed in 
the middle of the QTP, accounting for 9.12%, and 
significant negative correlations were distributed on the 
east and west sides of the QTP, accounting for 1.80%.
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