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Abstract: Using the Moderate Resolution Imaging Spectroradiometer-normalized difference
vegetation index (NDVI) dataset, we investigated the patterns of spatiotemporal variation in
vegetation coverage and its associated driving forces in the Qinling-Daba (Qinba) Mountains
in 2000-2014. The Sen and Mann—Kendall models and partial correlation analysis were used
to analyze the data, followed by calculation of the Hurst index to analyze future trends in
vegetation coverage. The results of the study showed that (1) NDVI of the study area exhib-
ited a significant increase in 2000-2014 (linear tendency, 2.8%/10a). During this period, a
stable increase was detected before 2010 (linear tendency, 4.32%/10a), followed by a sharp
decline after 2010 (linear tendency, —6.59%/10a). (2) Spatially, vegetation cover showed a
“high in the middle and a low in the surroundings” pattern. High values of vegetation coverage
were mainly found in the Qinba Mountains of Shaanxi Province. (3) The area with improved
vegetation coverage was larger than the degraded area, being 81.32% and 18.68%, respec-
tively, during the study period. Piecewise analysis revealed that 71.61% of the total study
area showed a decreasing trend in vegetation coverage in 2010-2014. (4) Reverse charac-
teristics of vegetation coverage change were stronger than the same characteristics on the
Qinba Mountains. About 46.89% of the entire study area is predicted to decrease in the future,
while 34.44% of the total area will follow a continuously increasing trend. (5) The change of
vegetation coverage was mainly attributed to the deficit in precipitation. Moreover, vegetation
coverage during La Nina years was higher than that during El Nino years. (6) Human activi-
ties can induce ambiguous effects on vegetation coverage: both positive effects (through
implementation of ecological restoration projects) and negative effects (through urbanization)
were observed.
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1 Introduction

The Qinling-Daba (Qinba) Mountains are an important geoecological boundary in central
China and the water source for the middle route of South-to-North Water Diversion Project
and the largest continuous poverty areas in China. Hence it is of great significance for the
region to sustainable development of both economy and ecological environment. As many
problems have emerged in the global population, resources, and environment since the 20th
century, sustainable development of human beings faces great challenges (Fu, 2014), and the
terrestrial ecosystem has been greatly disturbed by climate change and human activities. As
an ecologically vulnerable area that is extremely sensitive to climate change, the ecosystem
of the Qinba Mountains may be changed or even damaged under rapid climate change
(Walther et al., 2002; Parmesan, 2006). However, little is known about the ecosystem of the
area because of limited and fragmented data, and an overall survey and evaluation of the
main geographical features are required to improve our understanding of the effect of cli-
mate change on typical terrestrial ecosystems'. As the main factor of a terrestrial ecosystem,
vegetation is significantly affected by climate change, and in turn, it influences the atmos-
pheric environment to a great extent through feedback of biochemical processes. Moreover,
vegetation coverage is widely recognized as a priority indicator in monitoring the ecological
environment and evaluating ecological risk and vulnerability (Liu et al., 2013). Thus, it is
important to analyze spatiotemporal variation in vegetation coverage on the Qinba Moun-
tains in order to understand the influence of climate and human factors on its ecosystem.
With increasing concern over global climate change, there is much interest in the rela-
tionship between the terrestrial ecosystem and global climate change (Walker et al., 1997;
Shi et al., 2014); the response of vegetation to climate change is being studied by scholars
worldwide (Nemani et al., 2003; Ma et al., 2012). According to previous studies, climate
change can be divided into trend, fluctuation, and extreme events (Stocker et al., 2013; Shi
et al., 2014). Many scholars have ascribed the variation in vegetation coverage to the former
two aspects of climate change (Zhang et al., 2013; Ding et al., 2007), while there are fewer
studies on the influence of extreme climate events on vegetation growth. Recently, scholars
worldwide have evaluated the response of vegetation to extreme climate conditions in key
ecological zones, such as Amazon and Congo rainforests, and have drawn conclusions
(Hilker et al., 2014; Lewis et al., 2011; Zhou et al., 2014). However, in China, there are few
studies in this area, especially studies of regions extremely vulnerable to climate change,
like the Qinba Mountains. According to IPCCARS, atmospheric temperature has globally
increased by 0.72°C (0.49—-0.89°C) on average in the past 60 years (1951-2012) (Stocker et
al., 2013), while it has increased by 1.38°C in China between 1960 and 2009. This suggests
that the speed of temperature increase is higher in China than globally and in the Northern
Hemisphere (Compiling Committee, 2011); the greatest increase was observed in the north-
ern part of China, resulting in a growth trend of the frequency and intensity of extreme
events (Liu ef al., 2014; Reichstein et al., 2013). This increased the risk and vulnerability of
terrestrial ecosystems and endangered ecological security. In addition, other studies have
suggested that the correlation between vegetation growth and atmospheric temperature is

! Presentation of academicians Sun Honglie, Zheng Du, and Sun Jiulin at a seminar conference on the environment
and development of the Qinba Mountains and rivers and their impacts on arid and semi-arid regions.
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weakening and that drought is probably the reason (Piao et al., 2014). Thus, extreme climate
events influence not only vegetation but also the relationship between vegetation and cli-
mate features. Since there is a significant difference in the structure of geographical features
and their changing patterns in different regions, focusing on a regional study is more benefi-
cial for understanding the evolution of terrestrial ecosystems (Fu, 2014). Thus, it is neces-
sary to re-evaluate vegetation coverage and response to the climate because recent climate
change has caused vegetation to be exceptionally sensitive to extreme weather conditions.

Considering that the Qinba Mountains are a key ecological zone, studying its geographi-
cal features by now still weak. Moreover, since extreme climate events are occurring more
frequently because of recent great climate fluctuations, it is urgent to study the relation be-
tween extreme climate and vegetation coverage change for the smooth implementation of
the projects for synthetic risks prevention and disaster reduction and control. Meanwhile, the
initiation of the “New-Round Grain for Green Project Plan”, acquiring a complete under-
standing the background feature of vegetation and its response to climate change has be-
come very important. Therefore, we analyzed the current trend, fluctuation, and predicted
future trend of vegetation coverage on the Qinba Mountains by using the normalized differ-
ence vegetation index (NDVI) data and trend analysis, residual analysis, and the Hurst ex-
ponent method. Through analyzing the changing trend in vegetation coverage, we can find
the variation characteristics of the regional environment, facilitating the synergetic devel-
opment of regional ecology and social economy.

2 Data and methods
2.1 Study area

The Qinba Mountains, located in central China between 102°54'-112°40'E and 30°50'-
34°59'N (Figure 1), has a total area of 222,300 km® and across Shaanxi, Gansu, Sichuan,
Hubei, Henan, and Chongqing (Bai, 2014). They are divided into three units on the basis of
topographical features: Qinling Mountains, Hanjiang River valley, and Daba Mountains.
Since Qinling Mountains and Daba Mountains both help in blocking cold air from the north
and warm air from the south-west and the region is controlled by Mongolian cold high in
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Figure 1 Study area and distribution of meteorological stations in the Qinba Mountains
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winter and by both west-extended Pacific subtropical high and Sichuan Basin warm low in
summer, the climate is cold and dry in winter and wet with summer drought in summer
across the study area (Liu, 1983). The vegetation is highly diversified because of a climate
transition of the subtropical zone and warm temperate zone, with the north and south biotas
converging together. In Qinling Mountains, warm temperate deciduous broad-leaved forests
are dominantly found, and to the south of the region, a mixed broad-leaved deciduous forests
and evergreen broad-leaved forests are found (Ren et al., 2003).

2.2 Data source

Remote sensors were used to monitor vegetation coverage, mainly on the basis of spectral
reflection information and the contrast between strong absorption in the visible spectrum
and high reflection in the near-infrared spectrum (Jiang et a/., 2008). Hundreds of vegetation
indices have been proposed on the basis of these characters, and the normalized difference
vegetation index (NDVI) is most widely used because it effectively responds to vegetation
fluctuation (Barati et al., 2011). Considering that the study area is a mountain region, we
selected the MOD13QINDVI dataset obtained from EOS/MODIS product of NASA to ana-
lyze vegetation coverage change in the study area because of the high spatial resolution of
250 m x 250 m and time resolution of 16 days. The time span of NDVI used in our study
was from 2000 to 2014. The dataset was guaranteed to be of high quality and dealt with wa-
ter, clouds, and heavy aerosol, and it is widely used in studies on regional vegetation cover-
age. First, data form and projection of the raw MODIS-NDVI data were transformed using
MODIS Reprojection Tools. Then, we acquired monthly NDVI data by using the max value
composite to eliminate the effect of outliers (Holben, 1986). Finally, we calculated maxi-
mum annual NDVI, which reflects the true situation of vegetation coverage in a region, to
detect spatiotemporal variation in NDVI.

The meteorological datasets (18 meteorological stations in the Qinba Mountains in
2000-2014), including average temperature, maximum temperature, minimum temperature,
relative humidity, sunshine duration, wind speed, and precipitation, were obtained from the
China Meteorological Data Sharing Service System (http://cdc.cma.gov.cn). Southern oscil-
lation index (SOI) data for the same period were obtained from 74 circulation index datasets
published by the national climate center on climate change and prediction research associ-
ated with the China Bureau of Meteorology.

2.3 Methods

2.3.1 Trend analysis

The trend of NDVI in the study area was calculated using Sen trend analysis (Sen, 1968),
and the significance of the trend was further examined using the Mann—Kendall statistical
test (Kendall, 1948). The advantage of Sen trend analysis is that the method does not require
a specific sample distribution and is free from the interference of outliers. Therefore, this
method is robust and resistant to errors due to measurements and outlier data. The formula is
as follows:

X=X ..
f =mean I Vj>i (1)
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where f represents the trend of NDVI; i and j denote the time series, and x; and x; denote the
NDVI value at time i or j, respectively. > 0 suggests that the vegetation coverage increases,
and f< 0 suggests otherwise.

2.3.2 Stability analysis

Coefficient of variation (CV) can be used to describe the relative fluctuation in geographical
data (Xu, 2002). Thus, we adopted CV to reflect the stability of NDVI change. The formula
for CV is as follows:

2)

where C, is the CV; i is time series; x; is the NDVI value at time i, and X denotes the aver-
age of NDVI during the study period. A higher C, value denotes the existence of a large
fluctuation in the time series and vice versa.

We further analyzed the fluctuation in NDVI by using residual analysis, in order to obtain
more robust results. Specifically, (1) calculate the residual values of NDVI according to the
regression model, (2) use the absolute value of the residual to generate a residual time series,
and (3) perform regression analysis of the residual time series (the value of the trend is ap-
proximated to zero, which suggests less fluctuations in NDVI and vice versa).

2.3.3 Future trend analysis

The Hurst exponent, proposed by the British hydrologist Hurst, is estimated using R/S
analysis and is an effective way of measuring the long-time dependence of a time series. The
main principles are as follows (John et al., 2008).

1. Given a time series {&(¢)} =1, 2, ..., n, divide the time series into 7 subseries &(7).

2. Define the mean sequence of the time series:

(), =13 ew =12, 3)
t=1

3. Calculate cumulative deviation:
t

X(t,r)=2(§(u)—<§>r) 1<t<1 4)

u=1
4. Calculate range sequence:
R(r)= X(t,7)— min X (¢, =1,2, ... 5
() max (¢7)-min X(¢, 7) = (5)

5. Calculate standard deviation sequence:

< Te
S(r){;Z(g(t)—@)T) } =1,2, ... (6)
t=1
If R/So<7" the time series shows the Hurst phenomenon, and the H value is called the Hurst
exponent, which can be obtained by least squares fitting in the double logarithmic coordinate
system. According to Hurst (1951), the value of the Hurst exponent expands from 0 to 1, and
it can be divided into three groups: (1) H > 0.5 refers to the persistence of the series, which
indicates the same trend in the time series in the future, with a greater value for more persis-
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tence. (2) H = 0.5 implies that the time series was random without persistence, which indi-
cates that changes in the time series in the future would be unrelated to those in the study
period. (3) H < 0.5 refers to anti-persistence of the time series, which indicates an anti-trend
in the time series in the future, with smaller values for more anti-persistence sustainability.

3 Results

3.1 Temporal variations of vegetation coverage

Spatial averaged NDVI showed a significant increasing trend in the Qinba Mountains be-
tween 2000 and 2014, with a linear tendency of 2.8%/10a (p < 0.001). Piecewise analysis
showed that the variation trend of NDVI reversed in 2010. Vegetation coverage was con-
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Figure 2 Temporal variation in vegetation cover- wards; this may be attributed to the large-

age in the Qinba Mountains during 2000-2014 scale drought observed recently.

3.2 Spatial variations of vegetation coverage

3.2.1 General characteristics of NDVI

Generally, vegetation coverage is high in the central part of the region and low at the edges.
High values of NDVI were mainly distributed in the Qinling and Daba Mountains of
Shaanxi Province because these regions are covered by well-grown broad-leaved forests,
coniferous forests, and shrubs. Low values of NDVI were distributed in Lixian, Xihe, and
Wudu of Longnan; Wushan and Gangu of Tianshui; Zhouqu of south Gansu; and some parts
of the Hanjiang river valley, mostly because these areas are mainly croplands with low
NDVI. However, vegetation coverage in these areas is rapidly recovering because of the
Grain for Green Project. According to the NDVI frequency plot, vegetation coverage is gen-
erally high in the Qinba Mountains, and areas where NDVI is greater than 0.7 account for
92.48% of the whole region (Figure 3a). With increasing altitude, the vegetation coverage on
the Qinba Mountains is gradually growing. Vegetation coverage between 500 and 3600 m is
stable, and the highest at 1200 m. However, it decreases rapidly after 3600 m, probably be-
cause only grasslands and shrubs are found at a low density at this height (Figure 3b).

3.2.2 Trend of NDVI change

To analyze the variation trend in vegetation coverage in the Qinba Mountain region, we
calculated the trend of NDVI between 2000 and 2014 and the result was classified into 4
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Figure 3 Spatial distribution (a) and altitude-dependent (b) of NDVI on the Qinba Mountains

levels after the M-K test: extremely significant variation (p < 0.01), significant variation (p <
0.05), weakly significant variation (p < 0.1), and no significant variation. Results show that,
generally, vegetation coverage in the region increased. The area with improved vegetation
coverage was larger than the degraded area, being 81.32% and 18.68%, respectively, during
the study period. As for the former part, 46.86% shows no obvious variation, while ex-
tremely significant increased and significant increased areas account for 7.18% and 16.14%,
respectively, of the entire study area (Table 1). Spatially, areas with significant vegetation
coverage growth were mainly located in the northwestern part of the region because of the
implementation of the Grain for Green Project (Figure 4). Further analysis of the variation
trend between 2010 and 2014 showed that NDVI values decreased in 71.61% of the whole
Qinba Mountain region, of which significant variation and extremely significant variation
accounted for 6.38% and 3.45%, respectively, being mainly distributed in eastern Longnan,
southwestern Baoji, all counties in Hanzhong, and southwestern Ankang.

Table 1 Area and proportion of different vegetation change types on the Qinba Mountains

20002014 2010-2014
Type Pixel Percent- Cumulative Pixel Percentage Cumulative
number age/% percentage/% number 1% percentage/%

Decrease 795821 18.68 18.68 2384471 55.96 55.96
Weakly significantly 3 B B 248378 583 61.78
decrease . .

Significantly increase - - - 271746 6.38 68.16
Extremely signifi- - - - 147003 3.45 71.61

cantly decrease
Increase 1996785 46.86 65.53 1099103 25.79 97.40
Weakly significantly

. 474747 11.14 76.67 46298 1.09 98.49

mcrease

Significantly increase 687832 16.14 92.82 43585 1.02 99.51

Extremely signifi- 306127 7.18 100.00 20727 0.49 100.00

cantly increase

3.2.3 Stability of NDVI change

The coefficient of variation for 2000-2014 was between 0.004 and 0.84, suggesting signifi-
cant spatial differences in the stability of vegetation coverage in the study area. Specifically,
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Figure 4 Trend and significance of NDVI on the Qinba Mountains in 2000-2014

areas with a low value were located mainly on the Qinling and Daba Mountains of Shaanxi
Province, where broad-leaved forests and coniferous forests account for most of the vegeta-
tion and the variation is relatively stable. Areas with a high value were mainly located in the
northwestern and eastern parts, where the land cover is arable land. Because of ecological
restoration projects like Grain for Green, vegetation coverage in these areas is recovering at
an unstable pace (Figure 5a). Furthermore, a residual analysis trend close to 0 also con-
firmed the low value of the variation coefficient (Figure 5b). Together, residual analysis
trend and variation coefficient results were used in cross-validation for testing the credibility
of this study.
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Figure 5 Trend and significance of NDVI on the Qinba Mountains in 2000-2014

3.3 Future trend of NDVI

The above mentioned analysis mainly focused on the spatiotemporal variation of NDVI on
the Qinba Mountains for 15 years; however, the trend of NDVI in the future is still unclear.
Therefore, we calculated the future trend of NDVI on the basis of the Hurst exponent (Fig-
ure 6a). Results show that the average Hurst exponent is 0.4857 (0.0996-0.9837). Pixels
where the Hurst exponent is less than 0.5 account for 57.12%, which indicates that the re-
verse characteristics of vegetation coverage change were stronger than the same characteris-
tics on the Qinba Mountains. Statistical analysis showed that 46.89% of the entire study area
is predicted to decrease from increase and 8.44% is predicted to degrade continuously in
future, while 34.44% of the total area will follow a continuously increasing trend. Mean-
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while, areas where the Hurst exponent between 0.4 and 0.6 account for 68.15% and areas
where the Hurst exponent is less than 0.4 and 0.6 account for 19.36% and 12.49%, respec-
tively, indicating that a relatively small area exhibited the strong reverse and same charac-
teristics. It should be noted that the Hurst exponent varies slowly with an increase in altitude.
While the value is mostly less than 0.5 under 4500 m, it increases significantly afterwards;
this suggests that areas less than 4500 m mainly showed reverse characteristics (Figure 6b).
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Figure 6 Future trend of NDVI and its difference with altitude on the Qinba Mountains

4 Attribution analysis of vegetation change
4.1 Response of vegetation coverage to climate factors

Global climate change has altered the regional pattern of temperature and precipitation, and
therefore influenced vegetation growth. Statistical analysis showed that both temperature
and precipitation showed a weakly increasing trend between 2000 and 2013 at the speed of
0.15°C/10a (p = 0.56) and 32.06 mm/10a (p = 0.66), respectively. Precipitation at Lueyang
and Hanzhong in Shaanxi (stations 6 and 7) and Guangyuan in Sichuan (Station 12) has in-
creased significantly, while precipitation showed a significantly decreasing trend at Fengjie
in Chongqing (Station 18), which is consistent with a sharp increase in temperature and in-
tensifies the magnitude of water deficit in this region (Figure 7).

To ensure the accuracy of the data and enhance the reliability of the research results, we
adopted site-by-site partial correla- 40- ~0.2
tion analysis to explore the response
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tion time series data in 2000-2013. Results showed that the correlation of NDVI and tem-
perature is —0.012 (-0.448 to 0.228), while the correlation of NDVI and precipitation is
0.612 (-0.110 to 0.695), through the significant level of 0.05; and stations 1 and 10 are both
significantly correlated. Since the correlation of NDVI and precipitation is higher than that
of NDVI and temperature, suggesting that vegetation growth in the study area is influenced
to a greater extent by precipitation than by temperature.

Additionally, we further analyzed the variation in precipitation in the region. Considering
that the vegetation coverage has shown a continuously decreasing trend since 2010, we fo-
cused on the changes of precipitation and vegetation after 2010. According to Figure 8a,
there was a significant decline in precipitation in the central-eastern part, and only a limited
area in the west showed growth due to rainfall. Moreover, regional average consecutive dry
days (CDD) showed a significant increasing trend (1.15 d/a) on the Qinba Mountains in
2000-2013, and the highest increase occurred between 2010 and 2013 (3.38 d/a). Stations of
3,5,7,10, 13, and 17 showed a notable increase in CDD, indicating an increase in drought
in this area. Comparatively, vegetation growth showed a declining trend over a large extent
at the same time of precipitation decrease, and thus water deficit may be responsible for the
decrease in vegetation (Figure 8b). A previous study has reported that drought limits vegeta-
tion growth, lessens productivity, and eventually reduces the amount of fixed carbon in for-
ests (Piao et al., 2014). Another study also documented that water use efficiency will be en-
hanced under drought conditions (Pefiuelas et al., 2011). However, the water use efficiency
in our study showed no obvious increase but a stable fluctuation in recent 15 years.

Figure 8 Precipitation deficit (a) and changes in the rate of NDVI (b) in 2010-2014

Climate fluctuation at a global scale results in extreme climate events and has a heavy
impact on the terrestrial ecosystem. The results showed that the correlation between ENSO
events and NDVI was 0.49 (p < 0.05) on the Qinba Mountains, suggesting that ENSO event
has a significant influence on vegetation growth (Figure 9a). This finding is also consistent
with the result of Hilker et al. (2014). To elucidate the relationship between vegetation
growth and ENSO, we performed a composite analysis of NDVI and ENSO. First, we se-
lected years with extreme El Nino (2002, 2006, and 2009) and La Nina (2007 and 2010),
according to the statistics of El Nino and La Nina published by the National Climate Center,
and then calculated the average NDVI in El Nino and La Nina years, respectively. As a re-
sult, years with extreme La Nina showed higher vegetation coverage than years with ex-
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treme El Nino (Figure 9b). According to the quantitative statistical results, in years with ex-
treme El Nino, only 28.37% NDVI values showed a positive anomaly based on the average
NDVI during the study period, while those that showed a negative anomaly were 71.63%.
On the contrary, in years with extreme La Nina, NDVI values that showed a positive anom-
aly were 80.48%, while those that showed a negative anomaly were 19.52%; this further
confirmed that ENSO has a strong impact on vegetation growth. In order to justify the above
phenomenon, we further analyzed precipitation in the region. The results show that in the
years with extreme La Nina, higher precipitation was observed, which is beneficial for
vegetation growth, while lower precipitation in the years with extreme El Nino restrains the
growth of vegetation, especially in summer (Babst et al., 2013). In summary, climate fluc-
tuation at a global scale has a huge influence on regional vegetation growth, and vegetation
growth will be further threatened if there are more extreme events like drought in the future.
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Figure 9 Correlations between NDVI and SOI

4.2 Anthropogenic influences on vegetation dynamics

In addition to the change in climate and atmospheric composition, human activity is also
responsible for the change in vegetation growth, and it is divided into positive activities,
such as ecological restoration projects like Grain for Green, and negative activities, such as
expansion of cities and forest damage. Therefore, we performed the analysis on the basis of
two aspects. First, we collected data for annual forestation area in 96 counties from the Sta-
tistic Yearbook of China Forestry (Figure 10a). According to the statistics, between 2002
and 2004, the highest afforestation and NDVI growth were observed, ecological projects
caused a gradual increase in vegetation coverage; this proves that these projects are effective
in improving the regional ecological environment. It should be noted that, between 2010 and
2014, vegetation coverage declined despite the restoration of the ecological environment,
and extreme climate events like drought were most probably the reason. Second, on the basis
of the exemplification of Hanzhong, we believe that city expansion will damage vegetation
and reduce vegetation coverage. We calculated the rate of change in NDVI between 2010
and 2014 and then created 10 buffer circles with the center at the city and a radius of 2 km in
order to perform quantitative analysis of city expansion on vegetation coverage. Furthermore,
we evaluated the rate of change in every buffer circle and found out that vegetation coverage
in circles around cities has decreased; this proves that the expansion of cities is responsible
for the decline in vegetation coverage. It should be noted that although the expansion area is
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limited, the damage of the expansion on vegetation is greater than the occupation of the land
alone.
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Figure 10 Influence of human activities on vegetation coverage

5 Conclusions and discussion
5.1 Conclusions

By using the MODIS-NDVI data and methods like trend analysis, Hurst exponent, and par-
tial correlation analysis, we analyzed the variation in and factors that influenced vegetation
coverage in the Qinba Mountain region. Our conclusions were as follows:

(1) Between 2000 and 2014, NDVI of the study area revealed a significant increase at an
average speed of 2.8%/10a. However, a stable increase was detected before 2010 at the
speed of 4.32%/10a, followed by a sharp decline at —6.59%/10a.

(2) Vegetation coverage pattern was higher in the central part and lower at the edges.
Higher values were observed in the Qinling and Daba Mountains in Shaanxi Province, and
vegetation coverage increases with the increase in altitude until 3600 m. NDVI declined
rapidly afterwards.

(3) Vegetation coverage in the study area increased in general. The area with improved
vegetation coverage was larger than the degraded area, being 81.32% and 18.68%, respec-
tively during the study period. Piecewise analysis revealed that 71.61% of the total study
area showed a decreasing trend in vegetation coverage in 2010-2014.

(4) The reverse characteristics of vegetation coverage change were stronger than the same
characteristics on the Qinba Mountains. About 46.89% of the entire study area is predicted
to decrease in the future, while 34.44% of the total area will show a continuously increasing
trend. The Hurst exponent showed little variation with the increase in altitude, and the value
was generally less than 0.5 under 4500 m.

(5) The change in vegetation coverage was mainly attributed to the deficit in precipitation.
Meanwhile, ENSO has a large influence on vegetation growth, and composite analysis
showed that vegetation coverage during the La Nina years was greater than that during the
El Nino years.

(6) Human activities can induce ambiguous effects on vegetation coverage: both positive
effects (through implementation of the ecological restoration project) and negative effects
(through urbanization) were observed.
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5.2 Discussion

Currently, scholars worldwide have focused on the influence of extreme climate events on
vegetation (Hilker et al., 2014; Zhou et al., 2014; Zhao et al., 2015). Since drought occurs
over a large area and lasts for a long time, it is considered the most fatal threat to vegetation
growth. In this study, we analyzed the effect of extreme events on vegetation growth in
typical years with extreme climate conditions, and we discussed the relationship between
ENSO and vegetation change. However, considering that vegetation responds differently to
drought in different seasons, drought is not always the primary factor. Since the climate is
relatively cool in winter and spring, temperature may be the main limiting factor for vegeta-
tion growth. As for summer and autumn, which are relatively hot, precipitation may be more
important. Therefore, how vegetation responds to extreme climate in different seasons re-
quires further study. Separation of the contribution of climate change and human activities
on vegetation coverage change is still an issue. New creative methods and theories are re-
quired.

In this study, we only focused on the influence of climate on vegetation, and the feedback
of vegetation to the regional climate, which is also an important research area about the rela-
tionship between vegetation and climate, was not included. In addition, the sensibility of
vegetation to climate change under extreme climate conditions requires further analysis.
Moreover, we only used MODIS-NDVI data, which is of the highest resolution, and we did
not use multi-source NDVI datasets to verify the results. It should be noted that the results of
vegetation coverage variation may not be the same because of the difference in resolution
and quality of different NDVI datasets. Thus, further analysis of the consistency and uncer-
tainty of variation evaluation of different NDVI datasets is required in order to obtain more
robust results.
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