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Abstract: To understand the variations in vegetation and their correlation with climate factors 
in the upper catchments of the Yellow River, China, Normalized Difference Vegetation Index 
(NDVI) time series data from 2000 to 2010 were collected based on the MOD13Q1 product. 
The coefficient of variation, Theil–Sen median trend analysis and the Mann–Kendall test were 
combined to investigate the volatility characteristic and trend characteristic of the vegetation. 
Climate data sets were then used to analyze the correlation between variations in vegetation 
and climate change. In terms of the temporal variations, the vegetation in this study area 
improved slightly from 2000 to 2010, although the volatility characteristic was larger in 
2000–2005 than in 2006–2010. In terms of the spatial variation, vegetation which is relatively 
stable and has a significantly increasing trend accounts for the largest part of the study area. 
Its spatial distribution is highly correlated with altitude, which ranges from about 2000 to 3000 
m in this area. Highly fluctuating vegetation and vegetation which showed a significantly de-
creasing trend were mostly distributed around the reservoirs and in the reaches of the river 
with hydropower developments. Vegetation with a relatively stable and significantly decreas-
ing trend and vegetation with a highly fluctuating and significantly increasing trend are widely 
dispersed. With respect to the response of vegetation to climate change, about 20–30% of the 
vegetation has a significant correlation with climatic factors and the correlations in most areas 
are positive: regions with precipitation as the key influencing factor account for more than 
10% of the area; regions with temperature as the key influencing factor account for less than 
10% of the area; and regions with precipitation and temperature as the key influencing factors 
together account for about 5% of the total area. More than 70% of the vegetation has an in-
significant correlation with climatic factors. 
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1  Introduction 

Terrestrial vegetation is an important indicator in the evaluation of the terrestrial ecological 
environment and plays a leading part in the maintenance of balance in ecosystems (Tucker et 
al., 1986; Sun et al., 1988; Fan et al., 2012). As a result of global climate change and intense 
human activity, the spatio-temporal variations in vegetation are showing significant changes 
(Xu et al., 2011; Li et al., 2013; Yin et al., 2014). It is therefore important to monitor dy-
namic changes in vegetation and to investigate the factors that are driving these changes in 
order to guide regional environmental management (Kawabata et al., 2001). As a result of 
recent developments in remote sensing, serial remote sensing images are now easy to collect 
over long time periods and have become important sources of data for monitoring dynamic 
changes in vegetation. Data from sensors such as NOAA/AVHRR, SPOT/VGT and MODIS 
have been widely used in previous studies (Li H X et al., 2011; Li et al., 2012; Nie et al., 
2012; Yang et al., 2012; Mu et al., 2013). And for this study, instead of NOAA/AVHRR and 
SPOT/VGT, MOD13Q1 data were chosen because they have advantages on spatial and 
temporal resolution and provide more precise information of the land surface. Due to its 
high correlation with vegetation coverage, biomass, leaf area index and net primary produc-
tion (Baret and Guyot, 1991; Gutman and Ignatov, 1998), the Normalized Difference Vege-
tation Index (NDVI) is the most common indicator used to reflect the growth status of vege-
tation (Sun et al., 1988; Santin-Janin et al., 2009). NDVI time series are therefore the most 
important data sets for monitoring dynamic changes in vegetation. 

Much research has been published about monitoring vegetation dynamics on global, na-
tional and regional scales. Kawabata et al. (2001) analyzed inter-annual trends on a global 
scale from 1982 to 1990 and investigated the effects of climate on inter-annual variations. 
Zhang et al. (2014) detected inter-annual variations and trends in global land surface 
phenology from 1982 to 2010. Li et al. (2013) detected variations in vegetation activity at a 
national scale for China. Hao et al. (2012) investigated the inter-annual and monthly rela-
tionships between NDVI for grasslands and forests with climatic variables in the upper 
reaches of the Yellow River. 

These previous studies have shown that two characteristics of variations in vegetation can 
be extracted from the NDVI time series. First, the volatility characteristic reflects the fluc-
tuation in the amount of vegetation over time. The coefficient of variation is the indicator 
most widely used to measure the degree of fluctuation (Tucker et al., 1991). Milich and 
Weiss (2000) identified desertification in the Sahel area by analyzing the relations between 
the coefficient of variation and vegetation coverage. Secondly, the trend characteristic re-
flects whether vegetation is degraded or restored over time. The correlation coefficient be-
tween NDVI and the corresponding time and linear regressions are commonly used to inves-
tigate the trend characteristic (Piao and Fang, 2001; Zhang et al., 2008; Jiang et al., 2011; 
Song et al., 2011). Unfortunately, this method is easily affected by outliers (Neeti and East-
man, 2011). The Theil–Sen trend analysis and Mann–Kendall test method have been proved 
to be more robust in exploring significant trends in changes in vegetation (Pouliot et al., 
2009; Fensholt et al., 2012; Hou et al., 2012; Wang et al., 2013; Fuller and Wang, 2014). 
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However, few studies have combined these two aspects to understand the characteristics of 
variations in vegetation, especially on the pixel scale, which is intuitively easier to under-
stand for decision-maker (Yuan et al., 2013). 

Much of the research on the driving factors of variations in vegetation show that climatic 
factors, especially precipitation and temperature, have a significant correlation with dynamic 
changes in vegetation (Li H X et al., 2011; Li et al., 2012; Wu et al., 2014). However, the 
correlation of vegetation with climatic factors is also dependent on the type of vegetation, 
the soil type, soil moisture level, altitude and other factors (Sun et al., 1988; Chuai et al., 
2013). In addition, human activities may be the key factors influencing local vegetation dy-
namics rather than climatic factors. Therefore it is important to investigate the spatial het-
erogeneity of the response of vegetation to climate change. The response of vegetation to 
climate change has been widely studied using correlation analysis (Ma et al., 2006; Zhong et 
al., 2010). Zhang et al. (2003) used a simple correlation coefficient to determine the main 
influencing factor and used a partial correlation coefficient to investigate the degree of in-
fluence of each individual factor. Mao et al. (2011) investigated the relationship between 
NDVI and climate change and changes in land use/land cover using a simple correlation 
coefficient and a partial correlation coefficient. Correlation analysis is therefore a common 
and effective way of investigating the relations between variations in vegetation and climate 
change. 

In this work, the NDVI time series data from 2000 to 2010 were collected based on 
MOD13Q1 data at a resolution of 250 m. The coefficient of variation, Theil–Sen median 
trend analysis and the Mann–Kendall test were combined to investigate the volatility char-
acteristic and trend characteristic of vegetation over this time period. Climate data, land 
use/land cover data and information on hydropower development were then added to ana-
lyze the factors influencing the inter-annual changes in vegetation in the Longy-
angxia-Liujiaxia (Long-Liu) basin of the Yellow River, China. 

2  Materials and methods 

2.1  Study area 

The Long-Liu Basin is located in the upper catchment of the Yellow River from 100.06E to 
103.54E and from 35.18N to 36.47N (Figure 1). The main stream of the Yellow River 
flows through this basin with a length of 469.3 km, starting upstream of the Longyangxia 
Reservoir and ending downstream of the Liujiaxia Reservoir. The basin covers a total area of 
25,094 km2. The geographical location of the Long-Liu Basin is at the junction of the Ti-
betan Plateau and the Loess Plateau. The terrain of the Long-Liu Basin is high in the west 
and low in the east; the mean altitude is 2949 m. The turbulent river passes through moun-
tains and hills; the river bed becomes narrow and the gradient of the river is steep enough to 
generate electricity (Gao and Song, 1984). Twelve hydropower stations have been built, or 
are being built, in this basin. The climate of the Long-Liu Basin is dry with scarce rainfall, 
but high evaporation. The average temperature is 2.3–10.5C and the annual accumulative 
precipitation is 251.1–617.2 mm. The sunshine duration ranges from 2400 to 2700 hours, so 
there is a good coverage of vegetation (Wu et al., 1998). However, there are also severe 
ecological and environmental issues, such as water and soil erosion, grassland degradation 
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and desertification. In addition, the high concentration of hydropower developments means 
that the fragile ecosystem is facing increasingly severe challenges. 
 

 
 

Figure 1  Location of the Longyangxia-Liujiaxia basin 

2.2  Data sources and preprocessing 

2.2.1  MODIS NDVI 

The NDVI data sets used in this study are the MODIS vegetation index product data 
(MOD13Q1) obtained from NASA’s Earth Observing System. This data set was collected 
from February 2000 to December 2010 with a spatial resolution of 250 m and a temporal 
resolution of 16 days. The original Sinusoidal projection was transformed into the 
WGS84/Albers equal area conic projection using the MODIS Reprojection Tool. The re-
sample method is the adjacent natural method. The monthly NDVI data were calculated by 
the maximum value composite method, which minimizes the effects of clouds, atmospheric 
conditions and solar altitude (Holben, 1986). The annual NDVI data sets are the average of 
monthly NDVI data sets. 

2.2.2  Climate data sets 

Climate data sets consisting of the annual accumulative precipitation and annual average 
temperatures from 2000 to 2010 were collected from the National Meteorological Center of 
China. The data were collected from 24 meteorological stations with the spatial distributions 
shown in Figure 1. To investigate the spatial correlation of climatic factors with vegetation 
coverage, the meteorological data were interpolated on site using the ordinary Kriging 
method and the spatial resolution is 250 m. 

2.2.3  Other information 

Land use/land cover data in 2010 which was supplemented for result analysis was derived 
from HJ-1A/1B images by visual interpretation. It was obtained from Satellite Environment 
Center, Ministry of Environmental Protection. Its spatial resolution is 30 m. The informa-
tions about hydropower development were collected from website. 

3  Methods 

3.1  NDVI time series analysis 

In this study, the coefficient of variation was selected to investigate the volatility character-
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istic of the NDVI time series. Theil–Sen median trend analysis and the Mann–Kendall test 
were combined to investigate the trend characteristic of the NDVI time series. 

3.1.1  Coefficient of variation 

The coefficient of variation (CV) is a statistical measure of the dispersion of data points in a 
data series around the mean. It is a useful statistic for comparing the degree of variation 
from one data series to another, even if the means are very different from each other. The CV 
is commonly used to reflect the inter-annual volatility of vegetation (Tucker et al., 1991; 
Milich, 2000; Mao et al., 2011). It is calculated as follows: 
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where xi is the annual mean NDVI in year i and x  is the average annual mean NDVI from 
2000 to 2010. When the CV value is large, the data are more dispersed and the inter-annual 
changes in vegetation are larger. When the CV value is small, the data are more compact and 
the vegetation is more stable. 

3.1.2  Theil–Sen median trend analysis 

Theil–Sen median trend analysis combined with the Mann–Kendall test can effectively 
identify trends in large sets of time series data and this combination has been used previ-
ously to analyze long time series data for vegetation (Milich and Weiss, 2000; Lunetta et al., 
2006; Fensholt et al., 2012). 

The Theil–Sen median trend analysis is a robust method of examining trends based on 
non-parametric statistics (Theil, 1950a, 1950b, 1950c; Sen, 1968; Hoaglin et al., 2000) and 
is particularly effective for the estimation of trends in small series (Hoaglin et al., 2000). 
This method has been adopted for the analysis of variations in vegetation and has proved to 
be more suitable than linear regression (Milich and Weiss, 2000; Lunetta et al., 2006; Fen-
sholt et al., 2012). The calculation principle is to divide the time series data into n(n–1)/2 
pairwise combinations first and then to calculate the slope of each data pair. The Theil–Sen 
median slope is then the median of all the slopes. Its computational formula is: 
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where ß is the Theil–Sen median slope, Median is the median of a set of data values, i and j 
represent the years, and NDVIi is the NDVI value of year i. If ß > 0, then the NDVI time 
series has an increasing trend and this means that the vegetation has been recovering in this 
time period. If ß < 0, then the NDVI time series has a decreasing trend and this means that 
the vegetation has degraded in this time period. 

3.1.3  Mann-Kendall trend test 

The Mann–Kendall trend test is a non-parametric statistical test method used to assess the 
significance of the Theil–Sen median slopes (Fuller and Wang, 2014). It has been widely 
applied to analyze the trends and variations in hydrological and meteorological time series 
and to investigate long time series for vegetation (Fensholt et al., 2012). The advantage of 
this method is that the samples do not need to follow a certain distribution and are free of 
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interference from a few outliers (Kendall, 1975; Tosic, 2004). For a time series {NDVIt}, the 
statistic Z is defined as: 
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where NDVIi and NDVIj represent the NDVI value at times i and j, n is the length of the time 
series (11 years in this instance) and sgn is the symbol of sign function; the value of Z ranges 

from – to +. By looking up the normal distribution table, for a given significance level of 
0.05, if |Z| > 1.96, the time series has a significant variation at the level of 0.05. 

3.2  Correlation analysis 

Correlation analysis was used to investigate the relationships between vegetation and cli-
matic factors. In this study, we selected the partial correlation coefficient to analyze the rela-
tionships between NDVI and climatic factors. When two independent variables associate 
with the dependent variable at the same time, the partial correlation coefficient is used to 
study the correlation between one of the independent variables and the dependent variable 
by excluding the impact of the other independent variable (Li et al., 2013). 

The Pearson correlation coefficient is defined as follows: 
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where rxy is the Pearson correlation coefficient of variables x and y, xi is NDVI of the year i, 

yi is the temperature or precipitation of the year i and X is the average NDVI in the years 

2000–2010. Similarly, Y is the average temperature or precipitation in the years 2000–2010; 
n = 11 in this paper. 

The partial correlation coefficient then is defined as: 
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where rxy z is the partial correlation coefficient of variables x and y obtained by excluding the 
effects of variable z and rxy is the Pearson correlation coefficient of variables x and y. Simi-
larly, rxz is the Pearson correlation coefficient of variables x and z and ryz is the Pearson cor-
relation coefficient of variables y and z. The value of the partial correlation coefficient 
ranges from +1 to –1. If the value is equal to zero, there is no relationship between the vari-
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ables. If the value is positive, this means that the two variables have changed. If the value is 
negative, then the two variables have changed in opposite directions. 

To check the validity, a significance test is required. Testing for the significance of the 
partial correlation coefficient commonly uses the t distribution. By checking a look-up table, 

if |r|≥0.602, then the partial correlation coefficient is significant at a significance level of 

0.05; if |r|≥0.735, then the partial correlation coefficient is highly significant at a signifi-

cance level of 0.01. 

4  Results 

4.1  Inter-annual changes in vegetation 

There are two characteristics in the inter-annual changes of vegetation, as mentioned above, 
they are the volatility characteristic and trend characteristic. In this study, the two character-
istics were studied on both regional and pixel scales.  

4.1.1  Inter-annual changes in NDVI at a regional scale 

The NDVI values of the vegeta-
tion-covered area (NDVI>0.1) were 
averaged to investigate the inter-  
annual changes at a regional scale. As 
shown in Figure 2, the NDVI values 
fluctuated between 0.29 and 0.38 with 
an increasing trend from 2000 to 2010. 
However, the NDVI time series fluc-
tuated more during the time period 
2000–2005 than during 2006–2010. 
This means that the vegetation in the 
study area improved slightly from 
2000 to 2010, but its inter-annual 
change was larger in 2000–2005 than in 2006–2010. 

4.1.2  Inter-annual changes in NDVI on the pixel scale 

(1) Volatility analysis 
Based on the results of the CV analysis, the geometrical interval classification method 

was used to divide the volatility of the vegetation into five levels (Table 1). The areas with 
the lowest fluctuation in vegetation (CV = 0.015–0.095) account for 19.90% of the total area 
of vegetation. The areas where CV ranges from 0.095 to 0.109 account for 20.63% of the 
area and the moderate fluctuation areas, where CV ranges from 0.109 to 0.189, account for 
53.86%. The higher fluctuation zones in which CV ranges from 0.189 to 0.650 account for 
4.08% and the highest fluctuation zones (CV=0.650–3.317) account for the smallest area of 
vegetation (1.53%). Therefore the vegetation volatility of the Long-Liu Basin is stable over-
all, but fluctuates in local areas. 

Combined with the spatial distribution of the volatility level (Figure 3), we can see that, 
although the highest fluctuation zone accounts for only 1.53% of the total area of vegetation, 
its spatial distribution has an obvious pattern. The highest fluctuation zone is mainly distrib- 

 

Figure 2  Inter-annual change in vegetation on the regional 
scale from 2000 to 2010 
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Table 1  Classification of coefficient of variation and corresponding proportions of area in the Long-Liu Basin 

CV Volatility level Area (%) 

0.015–0.095 Lowest fluctuation 19.90 

0.095–0.109 Lower fluctuation 20.63 

0.109–0.189 Moderate fluctuation 53.86 

0.189–0.650 Higher fluctuation 4.08 

0.650–3.317 Highest fluctuation 1.53 
 

uted around the reservoirs and the reaches of the river with hydropower development, such 
as the Longyangxia Reservoir (zone A), the reach between the Laxiwa hydropower station 
and the Nina hydropower station (zone D), the reach from the Kangyang hydropower station 
to the Huangfeng hydropower station (zone G), the end of the Liujiaxia Reservoir’s back-
water area (zone H) and downstream of the Liujiaxia Reservoir (zone I). However, this 
highest fluctuation zone is also distributed in areas of desert and bare rock, such as the north 
of Guide County (zone B), the central Guinan County (zone C), the north shore of the river 
between the Shanpeng hydropower station and the Lijiaxia Reservoir (zone F), and the south 
of Guide County (zone E). 

 

Figure 3  Spatial distribution of level of vegetation volatility in the Long-Liu Basin 
 

(2) Trend analysis 
According to the results of the Theil–Sen median slope analysis and the Mann–Kendall 

test, the trend was divided into four levels (Table 2). Vegetation with SNDVI < 0 and Z values 
less than –1.96 has a significantly decreasing trend and accounts for 1.89% of the area cov-
ered by vegetation. Vegetation with SNDVI < 0, but with Z values ranging from –1.96 to 1.96 
has an insignificant decreasing trend and accounts for 17.15% of the area covered by vege-
tation. Vegetation with  SNDVI > 0 and Z > 1.96 has a significantly increasing trend and ac-
counts for the largest part of the study area (44.06%). Vegetation with SNDVI > 0 but Z values 
ranging from –1.96 to 1.96 has an insignificant increasing trend and account for 36.90% of 
the area covered by vegetation. Therefore the vegetation in the Long-Liu Basin has in-
creased overall, but a few regions have a significantly decreasing trend. 

As shown in Figure 4, the zones with significantly decreasing vegetation cover are mainly 
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Table 2  Classification of Theil–Sen median slope analysis and Mann–Kendall test and corresponding area pro-
portions in the Long-Liu Basin 

SNDVI Z Trend level Area (%) 

<0 < –1.96 Significant decreasing 1.89 

<0 –1.96 to 1.96 Insignificant decreasing 17.15 

≥0 –1.96 to 1.96 Insignificant increasing 36.90 

≥0 ≥1.96 Significant increasing 44.06 

 
distributed along the reservoirs and reaches with hydropower stations close by, such as the 
Longyangxia Reservoir (zone A), the reach between the Laxiwa hydropower station and the 
Nina hydropower station (zone D), the reach from the Kangyang hydropower station to the 
Huangfeng hydropower station (zone J), and the end of Liujiaxia Reservoir’s backwater area 
(zone M). In addition, the zones with significantly decreasing vegetation cover are also dis-
tributed in farmland (zone B), forest land (zones E and G), grassland (zones C and K), wet-
land (zone H), built-up area (zones F and N) and bare land (zones I and L). However, these 
areas are scattered over the study area and do not have any common characteristics in their 
spatial distribution. 

 
Figure 4  Spatial distribution of trend in vegetation levels in the Long-Liu Basin 
 

(3) Comprehensive analysis 
Based on the volatility and trend analyses, the significant trends, including the signifi-

cantly increasing trends (SNDVI > 0 and Z > 1.96) and significantly decreasing trends (SNDVI
 < 

0 and Z<–1.96), should be studied further. To reduce any unnecessary information, the vola-
tility was reclassified into two levels by merging the lowest, lower and moderate fluctuation 
levels into a relatively stable level (0.015 < CV < 0.189) and merging the higher and highest 

fluctuation levels into a highly fluctuating level (0.189≤CV<3.317). As shown in Table 3, 

there are now five types of variation in vegetation: relatively stable and significantly de-
creasing (95%); highly fluctuating and significantly decreasing (63%); relatively stable and 
significantly increasing (42.14%); highly fluctuating and significantly increasing (1.76%); 
and vegetation with an insignificant trend (54.53%). 
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Table 3  Classification of coefficient of variation, Theil–Sen median slope analysis, the Mann–Kendall test and 
the corresponding area proportions in the Long-Liu bain 

CV SNDVI Z Variation type Area (%) 

0.015 to 0.189 <0 < –1.96 Relatively stable and significantly decreasing 0.95 

0.189 to 3.317 <0 < –1.96 Highly fluctuating and significantly decreasing 0.63 

0.015 to 0.189 >0 >1.96 Relatively stable and significantly increasing 42.14 

0.189 to 3.317 >0 >1.96 Highly fluctuating and significantly increasing 1.76 

– – –1.96 to 1.96 Insignificant trend 54.52 
 

Figure 5 shows that the regions which are highly fluctuating and with a significantly de-
creasing trend (red zone) are mostly distributed around the reservoirs and the reaches with 
hydropower developments. The vegetation in these regions has large inter-annual differences 
and has been obviously degrading. The regions with a relatively stable, but significantly de-
creasing trend (orange zone) are dispersed on built land, grassland, forest land, wetland and 
bare land. Vegetation in these regions has small inter-annual differences, but has been obvi-
ously degrading. The spatial distribution of regions with relatively stable and significantly 
increasing trends in vegetation (green zone) have a high correlation with altitude, which 
ranges from about 2000 to 3000 m. Vegetation in these areas has small inter-annual differ-
ences and have been obviously improving. Regions with high fluctuations and a signifi-
cantly increasing trend (blue zone) are areas with farmland partly returning to grassland ar-
eas. Vegetation in these areas has large inter-annual changes and has been significantly im-
proving. 

 

Figure 5  Spatial distribution of vegetation variation types in the Long-Liu bain 
 

4.2  Correlation of changes in vegetation with climate change 

Precipitation and temperature are the most important climatic factors related to the vegeta-

tion variation. First, we analyzed their influences separately. And then, we combined their 

influences to find the key factor. 

4.2.1  Partial correlation of NDVI with precipitation 

As shown in Table 4, the partial correlation coefficient of NDVI with precipitation is gener-
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ally positive, although only small areas have a significant correlation. The highly significant 
and positive correlation areas account for 3.98% of the total and the significant and positive 
correlation areas account for 8.36%. The highly significant and negative correlation areas 
account for 0.78% and the significant and negative correlation areas account for 2.13%. The 
partial correlations of NDVI with precipitation are insignificant in most regions (84.75%). 
 

Table 4  Classification of correlation of NDVI with precipitation and corresponding area proportion in the 
Long-Liu Basin 

rp Correlation level Area (%) 

–0.99 to –0.735 Highly significant and negative correlation** 0.78 

–0.735 to –0.602 Significant and negative correlation* 2.13 

–0.602 to 0 Insignificant and negative correlation 30.64 

0 to 0.602 Insignificant and positive correlation 54.11 

0.602 to 0.735 Significant and positive correlation* 8.36 

0.735 to 0.99 Highly significant and positive correlation** 3.98 

Note: rp is the partial correlation coefficient of NDVI with precipitation. 
* Correlation coefficient is significant at a level of 0.05.  

** Correlation coefficient is significant at a level of 0.01. 
 

As shown in Figure 6, the partial correlation coefficient of NDVI with precipitation is 
spatially heterogeneous. The negative correlation zone with significance levels of 0.05 and 
0.01 are mainly concentrated in: (1) valley areas on the plain, where construction land and 
farmland are the main land use types and where the intensity of human activity is high; and 
(2) alpine regions where the altitude is relatively high and the main land cover type is forest. 
The NDVI values of these regions decrease with the increase of precipitation. The zone with 
a significant positive correlation (significance levels 0.05 and 0.01) is mainly concentrated 
in grassland. The NDVI of these regions increases with increasing amounts of precipitation. 
Because the natural vegetation in these areas is not influenced by human activity, precipita-
tion is the main driving factor in the growth of vegetation. 

 
Figure 6  Spatial distribution of the correlation levels of NDVI with precipitation in the Long-Liu Basin 
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4.2.2  Partial correlation of NDVI with temperature 

As shown in Table 5, the partial correlation coefficient of NDVI with temperature was gen-
erally positive. The areas of highly significant and positive correlation account for 5.92% of 
the total area and the significant and positive correlation areas account for 10.9%. The 
highly significant and negative correlation areas account for 0.16% and the significant and 
negative correlation areas account for 0.71%. The partial correlations of NDVI with tem-
perature are insignificant in most regions. 
 

Table 5  Classification of correlation of NDVI with temperature and corresponding area proportion in the 
Long-Liu Basin 

rt Correlation level Area (%) 

–0.99 to –0.735 Highly significant and negative correlation** 0.16 

–0.735 to –0.602 Significant and negative correlation* 0.71 

–0.602 to 0 Insignificant and negative correlation 21.75 

0 to 0.602 Insignificant and positive correlation 60.56 

0.602 to 0.735 Significant and positive correlation* 10.9 

0.735 to 0.99 Highly significant and positive correlation** 5.92 

Note: rt represents the partial correlation coefficient of NDVI with temperature. 
* Correlation coefficient is significant at a level of 0.05. 
** Correlation coefficient is significant at a level of 0.01. 
 

Figure 7 shows that the partial correlation coefficient of NDVI with temperature is spa-
tially heterogeneous. The negative correlation zone at significance levels of 0.05 and 0.01 is 
mainly concentrated in farmland or bare land downstream of the Liujiaxia Reservoir. The 
NDVI values of these regions decrease with increasing temperature. The significantly posi-
tive correlation zone at significance levels of 0.05 and 0.01 is mainly concentrated in grass-
land in the center of the study area. The NDVI values of these regions increase with in-
creasing temperature. The temperature is the main influence on the growth of vegetation. 

4.2.3  Comprehensive analysis 

In combination of the results of the partial correlation of NDVI with precipitation and 
temperature (Table 6 and Figure 8), it can be seen that the regions with a significant correla-
tion of NDVI with precipitation account for 8.96% and regions with a significant correlation 
of NDVI with temperature account for 11.21% of the total area. Regions with a significant 
correlation of NDVI with both precipitation and temperature account for 4.25% of the area. 
Vegetation in the remaining areas does not have a significant correlation with either precipi-
tation or temperature – that is, the inter-annual change of vegetation in these areas cannot be 
explained by climatic factors. 

By calculating the percentage of each correlation type in each variation type (Figure 9), it 
can be seen that 76.16% of the vegetation with a relatively stable and significantly decreas-
ing trend has an insignificant correlation with climatic factors. Other factors, such as human 
activity, are the key factors affecting the inter-annual change in vegetation in these areas. Of 
the 23.84% of vegetation that has a significant correlation with climatic factors, the regions 
in which precipitation is the key factor account for 11.46% of the total area, the regions in 
which temperature is the key factor account for 9.6% the total area, and the regions in which 
both precipitation and temperature have an influence account for 2.79%. Similarly, 76.87% 
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Figure 7  Spatial distribution of the correlation levels of NDVI with temperature in the Long-Liu Basin 
 

 

Table 6  Classification of correlation of NDVI with precipitation and temperature and corresponding area pro-
portions in the Long-Liu Basin 

R Correlation type Area (%) 

|rp|≥0.602 Significant correlation of NDVI with precipitation* 8.96 

|rt|≥0.602 Significant correlation of NDVI with temperature* 11.21 

|rp|≥0.602 and |rt|≥0.602 Significant correlation of NDVI with precipitation and temperature* 4.25 

|rp|≤0.602  or |rt|≤0.602 Insignificant correlation 75.59 

Note: rp represents the partial correlation of NDVI with precipitation; rt represents the partial correlation of NDVI 
with temperature. 

*The correlation coefficient is significant at a level of 0.05. 
 

 

Figure 8  Spatial distribution of the correlation types in the Long-Liu Basin 
Note: P = precipitation; T = temperature 
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of the vegetation with a highly fluctuating 
and significant decreasing trend has an 
insignificant correlation with climatic 
factors. Of the 23.23% of these areas that 
have a significant correlation with climatic 
factors, precipitation is the key factor ac-
counting for 11.73%, temperature is the 
key factor accounting for 8.07%, and both 
precipitation and temperature account for 
3.33% of the total area. A total of 74.53% 
of the area of vegetation with a relatively 
stable and significantly increasing trend 
has an insignificant correlation with cli-
matic factors. The remaining area (25.47%) 
has a significant correlation with climatic 
factors, among which precipitation is the 
key factor accounting for 12.51%, tem-

perature is the key factor accounting for 7.71% and both temperature and precipitation are 
key factors accounting for 5.24%. In the same way, 71.27% of the vegetation areas with a 
highly fluctuating and significantly increasing trend have an insignificant correlation with 
climatic factors. Therefore 28.73% of the vegetation areas have a significant correlation with 
climatic factors, among which precipitation as the key factor accounts for 18.14%, tempera-
ture as the key factor accounts for 5.4% and both temperature and precipitation are key fac-
tors accounting for 5.19% of the total area. 

5  Discussion and conclusions 

The NDVI time series data based on MOD13Q1 data at a resolution of 250 m were collected 
from 2000 to 2010. The variation of coefficient, the Theil–Sen median trend analysis and the 
Mann–Kendall test were combined to investigate the volatility characteristic and trend 
characteristic of the vegetation. Climate data sets were then added to analyze the correlation 
of variations in vegetation with climate change. The main conclusions are as follows. 

(1) The NDVI time series data sources are easily accessed and commonly used to study 
inter-annual changes in vegetation. Methods combining the coefficient of variation, the 
Theil–Sen median trend analysis and the Mann–Kendall test are an effective way to investi-
gate the characteristics of variations in vegetation. Volatility and significant trends can be 
recognized on both regional and pixel scales. By adding climate data, the response of vege-
tation to climate change can be understood by using correlation analysis. 

(2) In terms of temporal variation, vegetation in this study area improved slightly from 
2000 to 2010. The volatility is larger in the time period 2000–2005 than in 2006–2010. In 
terms of spatial variation, vegetation with a highly fluctuating and significantly decreasing 
trend is mostly distributed around the reservoirs and in the reaches of the river with hydro-
power developments. Vegetation with a relatively stable and significantly decreasing trend is 
more dispersed. Vegetation with a relatively stable and significantly increasing trend has a 

Figure 9  Proportion of correlation types in variation 
types in the Long-Liu Basin. 
Note: SD = vegetation with relatively stable and significantly 
decreasing trend; FD = vegetation with a highly fluctuating 
and significant decreasing trend; SI = vegetation with rela-
tively stable and significantly increasing trend; FI = vegeta-
tion with highly fluctuating and significant increasing trend; 
P = precipitation; T=temperature; Insig. = insignificant cor-
relation 
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high correlation with altitude, which ranges from about 2000 to 3000 m. Vegetation with a 
high fluctuation and significantly increasing trend is in area partly converting from farmland 
to grassland. 

(3) With respect to the response of vegetation to climate change, about 20–30% of the 
vegetation has a significant correlation with climatic factors. Regions with precipitation as 
the key factor account for more than 10% of the total area; regions with temperature as the 
key factor account for less than 10%; and regions with precipitation and temperature both 
influencing the changes in vegetation account for about 5% of the total area. More than 70% 
of the vegetation has an insignificant correlation with climatic factors. The areas with posi-
tive correlation are larger than those with a negative correlation. 

Methods used in this study are easy to be applied in other study areas. Meanwhile, these 
methods are reasonable and suitable to investigate the vegetation variation. The variation of 
coefficient has been widely used to measure the degree of fluctuation (Tucker et al., 1991) 
and reflects the inter-annual volatility of vegetation (Tucker et al., 1991; Milich, 2000; Mao 
et al., 2011). The Theil–Sen trend analysis and Mann–Kendall test method are combined to 
be more robust in exploring significant trends in changes in vegetation (Pouliot et al., 2009; 
Fensholt et al., 2012; Hou et al., 2012; Wang et al., 2013; Fuller and Wang, 2014).  

Results obtained from this study are consistent with previous studies in all but different in 
detail (Hao et al., 2012). Furthermore, this study spatialized the relationship between vege-
tation variation and climate change. 

However, there are some deficiencies in this study. For example, more than 70% of the 
vegetation has an insignificant correlation with climatic factors and these other factors 
should be investigated in future studies. For example, the Long-Liu Basin has a high con-
centration of hydropower development. In the process of hydropower construction, the river 
is intercepted by obstacles for the building of the dams. After the completion of the dams, 
the water level fluctuates in the reservoirs and in the reaches with hydropower development, 
as a result of the regulation of runoff by the dams. Therefore the vegetation in the zones with 
a fluctuating water level will have large differences in the composition and diversity of spe-
cies (Lu et al., 2010) and will show a generally decreasing trend, but will still possess a ca-
pacity for restoration (Quinn et al., 2005; Li W P et al., 2011). These regions should be in-
vestigated further. 
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