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ABSTRACT 

Vegetation and its distribution are largely controlled 

by the regional landform (including soils) and the 

global climate changes. Qingling-Daba (Qinba) 

Mountains are located in the transitional zone be-

tween the subtropical and warm temperate climate in 

China, with its vegetation very sensitive to the chang-

es in climate. In this study, we quantify the spatio-

temporal changing trend of NDVI of the GIMMS-

NDVI dataset during1982 and 2015 through linear 

regression analysis and the trend analysis, with Hurst 

index (H value) as a measure for the future trends of 

vegetation. We found that: (1) NDVI increased sig-

nificantly, with a growth rate of 1.2%/10a. When ex-

amined at decadal scale (1980s, 1990s and after 

2000), it appeared that changing rate was 3.6%/10a, 

1.4%/10a, 1.1%/10a, respectively. For the most re-

cent decade (2006-2015), however, the NDVI de-

creased at -0.3%/10a. (2) The seasonal variation of 

vegetation was dominated by an increasing spring 

NDVI (3%/10a). (3) The spatial variation of NDVI 

was low on the edge and high in the middle, low in 

the west and high in the east, low in the south and 

high in the north. (4) Around 63.48% of the vegeta-

tion had improved function, while 1.98% of the vege-

tation continue being degraded.  

Key Words: spatiotemporal variation; vegetation 

coverage; GIMMS3g NDVI; Qingling-Daba (Qinba) 

Mountains 

 

1. INTRODUCTION 

The climate system is undergoing significant changes 

characterized by global warming in the past 100 

years, and the effects of terrestrial ecosystems caused 

by such changes have been highly valued by humans 

(Shen et al. 2013; Huang et al. 2017; Zeng et al. 

2017) . As the main body of terrestrial ecosystems, 

vegetation is the natural link connecting the relation-

ship between atmosphere, water and soil, and plays 

an important role in material circulation and energy 

flow(Braswell et al. 1997; Buitenwerf et al. 2015; 

Verbeeck and Kearsley 2016) . Vegetation cover can 

well represent the growth of surface vegetation. Its 

dynamic changes are affected by multiple factors 

such as soil, climate and human activities (Yuan et al 

2013; Wang et al 2014; Zhang et al. 2013; Yi et al. 

2014). The influence of temperature and precipitation 

on vegetation cover change is most directly and im-

portant related to climate factors (Nemani et al. 

The spatial-temporal variations of vegetation cover in Qin-
ba Mountains from 1982-2015 

SDRP Journal of Earth Sciences & Environmental Studies  (ISSN: 2472-6397) 

 DOI: 10.25177/JESES.3.3.6 Research 



Li Tian et al. 

——————————————————————————————————————————————————–

WWW.SIFTDESK.ORG 467 Vol-3 Issue-3 

SIFT DESK  

2003). As a method to understand the change of vege-

tation cover, the trend analysis of Normalized Differ-

ence Vegetation Index (NDVI) data has been widely 

used from region to globe (Eckert et al. 2015). Guisan 

et al (2007)  showed that the NDVI study of alpine 

vegetation showed that the dynamic change of vege-

tation cover at altitude between 1650 and 2450 m was 

mainly affected by human activities rather than cli-

mate change. Mancino (Mancino et al. 2014) used 

NDVI to analyze the characteristics and attribution of 

total forest cover in the Licata area of Brazil from 

1984 to 2010. By analyzing the NDVI data from 1981 

to 2006, Xin et al (2007) pointed out that the main 

driving force for the extension of vegetation growth 

in the Loess Plateau is climate warming, and precipi-

tation fluctuation is also an important driving factor 

for vegetation cover change. Liu[16] analyzed the 

NDVI images in the northwestern region, and con-

cluded that different climatic factors (temperature, 

precipitation) have obvious spatial differences in the 

effects of vegetation activities. The correlation be-

tween the Tarim River Basin and the annual average 

temperature is more than the interannual precipita-

tion. Significant, while Xinjiang Tianshan and other 

places have the opposite result. Compared with 

MODIS NDVI and SPOT VGT NDVI data, GIMMS 

NDVI is widely used in long-scale vegetation cover 

monitoring due to its wide coverage and long time 

series (Wang et al. 2014; Yi et al. 2014; Xin et al. 

2007; Liu et al 2012; Bao et al. 2013). 

 Qinba Mountainous is located in the transition 

zone between subtropical zone and warm temperate 

zone in China. It is a sensitive area of climate change 

and a vulnerable area of habitat. It is very sensitive to 

climate change response. The response of its vegeta-

tion cover to climate change plays an important role 

in the study of global change. Domestic scholars have 

conducted extensive research on vegetation changes 

in the Qinba Mountains (Sun et al. 2010; Zhang et al. 

2016; He et al. 2011). Cui et al (2013; 2012) showed 

that the Qinling vegetation showed an overall im-

provement trend during 1998-2007, and the high-

altitude vegetation NDVI was more sensitive to tem-

perature response. The results of Ren (Ren et al 2012) 

pointed out different vegetation in Daba Mountain. 

The variation range of NDVI value is related to vege-

tation type; Deng et al (2017) explored the causes of 

vegetation change in Qinling Mountains, pointing out 

that the vegetation changes in Qinling Mountains 

were mainly affected by human activities during 2000

-2015, followed by precipitation and temperature. 

However, at present, the research on vegetation cover 

change in Qinba Mountain area, on the one hand, the 

research period is mainly concentrated after 2000, the 

research time is short, lack of long-term monitoring 

research and prediction of future trends, and in the 

past, the average annual or The interannual variation 

of average vegetation in the growing season is the 

main research, and there are few studies on the varia-

tion of vegetation changes during the year (seasonal 

and intertemporal). On the other hand, the research 

scope is mainly concentrated in the territory of 

Shaanxi Province (Cui et al. 2012, Liu et al. 2015; 

Ren et al. 2003; Sun et al. 2009; Luo et al 2009), west 

There are few studies on Qinling, Funiu Mountain 

and Daba Mountain. Therefore, based on GIMMS3g 

NDVI data, this paper analyzes the different time 

scales and spatial distribution characteristics of vege-

tation NDVI in Qinba Mountain Area from 1982 to 

2015 based on trend analysis and Hurst index, and 

predicts the future trend of vegetation cover change. 

Under the background of global warming, it provides 

a scientific basis for mountain vegetation protection 

and restoration. 

 

2. MATERIALS AND METHODS 

2.1 Study area 

The Qingling-Daba mountain (102º24’- 112º40’E, 

30º43’-35º29’N) covers  30×104 km2, across six prov-

inces and cities (fig. 1), it's about 1000 km long from 

east to west, 300 km wide from north to south. The 

qinling-daba mountains are not only the watershed of 

the Yangtze river and Yellow River, but also the main 

area of the south-north transition belt in China.The 

geographical location of the transition zone leads to 

the complexity of its vegetation flora. The north slope 

of qinling mountains is mainly warm temperate nee-

dle broad-leaved forest, the south slope is mainly 

north subtropical mixed deciduous broad-leaved for-

est and evergreen broad-leaved forest, and the south 

slope of dabashan mountain is a typical evergreen 
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broad-leaved forest (Zhou et al. 2006). With the ele-

vation increase, climate and vegetation are obviously 

vertically zonal distribution (Ma R Z, 1965).The re-

gion 12 ~ 16 ℃, annual average temperature, annual 

average rainfall of 709 ~ 1500 mm the highly com-

plexity of geographical environment, biodiversity and 

climate sensitivity, geography, biology research in 

China is the natural laboratory. 

Fig.1 The location and topography of Qinba Moun-

tains 

 

2.2 Data sources  

In this study, we used GIMMS3g V1.0 vegetation 

remote sensing data, provided by the United States 

Global testing with the model group (Global Inventor 

Modeling and Mapping Studies, GIMMS), the spatial 

resolution of the 15d synthesis of 8 km NDVI dataset 

(https://ecocast.arc.nsds.gov), the time span is 1982-

2015. The data set has been pretreated by atmospheric 

correction and radiation correction.In order to reduce 

the impact of clouds, aerosols and perspectives, the 

Maximum Value synthesis method MVC (Maximum 

Value Composites) (Zhang et al. 2003; Lovell and 

Graetz 2001) was adopted to obtain monthly 

NDVI.Based on the monthly average, the average and 

average NDVI were obtained by the average meth-

od.During the year, march to may is defined as 

spring, June to August is defined as summer, Septem-

ber to November is defined as autumn, December to 

February is defined as winter (Zhao et al. 2015). 

We included a total of 24 imgaes produced in a year. 

Our initial examinations of the NDVI change in the 

different seasons were calculated using average 

monthly values, —for example, spring was calculated 

using the March, April and May; summer was calcu-

lated using the June, July and August; Autumn was 

calculated using the September, October and Novem-

ber; Winter was calculated using the December, Janu-

ary, and February. and then, for the annual value, the 

NDVI was calculated using average monthly values 

with the following formula: 

 

 

 

where Mannual was the NDVI annual mean value of 

every year, and Mmonth,i was the monthly mean value 

for NDVI, with i representing the months of January 

through December.  

 To explore the interannual temporal and spatial 

variations of the NDVI values, we divided the annual 

by month and analyzed its change. For analysis of the 

inter-annual temporal and spatial variation of NDVI, 

we used pixel line regression. 

 

3. RESULT  

3.1 Characteristics of vegetation cover time change 

The correlation coefficient between annual NDVI in 

Qinba mountains is 0.589 (P<0.01), indicating that 

there is a strong correlation between year and year 

(fig. 1-2; Tab 1). The average annual NDVI value of 

there fluctuated significantly from 1982 to 2015, with 

an average increase rate of 1.2%/10a (R2=0.347, P < 

0.000).The minimum value of NDVI (0.54) appeared 

in 1984, the maximum value (0.62) appeared in 2015, 

and the value of NDVI fluctuated between 0.54 and 

0.62 in other years, and the annual fluctuation range 

was relatively large.There were two distinct ups and 

downs in the mean value of NDVI in the last 34 

years. Through 1984 and 1987, NDVI continued to 

grow from 0.54 to 0.59, with an increase of 9.26%. 

From 1990 to 1994, the value of NDVI continued to 

decline from 0.61 in 1990 to 0.55 in 1994, a decline 

of 9.84%. In 1995, NDVI rapidly recovered to 0.60. 

however, the NDVI value was relatively low in 1998-

2002.  
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Fig.2 Change in annual mean NDVI in Qinba Moun-

tains in different periods 

Fig.3 Change in seasonal mean NDVI in Qinba 

Mountains 

In order to better understand the dynamic change of 

vegetation cover in Qinba mountains, we divided the 

time series into 1980s (early stage), 1990s (middle 

stage) and early 21st century (late stage) for compar-

ative analysis, and the third-period average NDVI 

value was linearly fitted with the year (fig 2). The 

NDVI values in the first, middle and last stages all 

showed an upward trend of fluctuation (large degree 

of fluctuation in the early and middle stages, small 

degree of fluctuation in the later stage), but the in-

crease rate of NDVI values was different. In the early 

stage, the growth rate was 3.6%/10a, with the fastest 

growth rate, and in the middle stage, the growth rate 

was 1.4%/10a, second only to the earlier stage, and in 

the later stage, the growth rate was higher than that in 

the middle stage, which was 1.6%/10a. The medium 

term growth rate is the lowest, which may be caused 

by the sharp decrease of cultivated land area in the 

early stage of the project of converting cultivated 

land to forest in the research area during this period, 

leading to the decrease of vegetation coverage (Deng 

et al. 2017; He et al. 2012). 

 Vegetation growth has a strong seasonal seasonal-

ity, which had a great impact on the average season 

NDVI value (fig. 3). We found the difference of 

NDVI values in the four seasons of Qinba mountains 

had a huge difference, which was manifested as in 

summer (0.80) > in autumn (0.62) > in spring (0.56) 

> in winter (0.38). Moreover, the rate of change of 

each season is quite different. The growth rate was  in 

spring > in winter > in autumn and summer (fig. 3, 

table 1), which is highly consistent with other schol-

ars' conclusions on the response of land ecosystems 

in north China and northern hemisphere to global 

change (Gehrig-Fasel et al. 2007; Los et al. 2001; 

Piao and Fang, 2003; Zhou et al. 2001). 

 

Table.1 Regression equations, coefficient of determi-

nation and significance test of NDVI in Qinba Moun-

tains 

 

3.2 Characteristics of NDVI changes in Qinba 

mountains 

In order to analyze the annual variation law of 

monthly average NDVI of vegetation in Qinba moun-

tains, the mean value of monthly NDVI of 34a was 

calculated (fig. 4).The value of NDVI varies from 

month to month and has strong seasonal rhythm.The 

value of NDVI was lower in January and March, 

higher in May and September, with the lowest value 

at 0.36 in February and the highest value at 0.8 in 

July. From march to may, green plants began to bud 

Season Regression analy-
sis 

R2 P val-
ue 

Spring y=0.003x+0.5104 0.6106 < 
0.000 

Summer y=0.0001x+0.7935 0.0033 0.748 

Autumn y=0.0008x+0.6067 0.0597 0.164 

Winter y=0.001x+0.366 0.1279 0.038 

Annual 
mean 

y=0.0012x+0.5691 0.3474 < 
0.000 
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in the study area, and the vegetation coverage in-

creased rapidly, with an increased rate of 82.5%. 

From June to July, when the annual rainfall was rela-

tively concentrated, the temperature was higher, 

which was conducive to plant growth. From July to 

August, the vegetation coverage was the highest, and 

the monthly average NDVI reaches the maximum. 

Due to the hysteretic response of vegetation growth to 

temperature and precipitation, vegetation cover de-

creased less in September. From October to Novem-

ber, the leaves of vegetation fell, and the value of 

NDVI decreased rapidly, with a decrease rate of 

23.44%. 

Fig.4 Averaged monthly NDVI in Qinba Mountains 

from 1982 to 2015 

 

In order to understand the interannual variation trend 

of monthly average NDVI, the accumulated average 

NDVI of different months and the yearly during the 

research period were fitted and analyzed, and the var-

iation trend of each month was obtained (fig. 5).The 

results showed that except for the slight decline of 

NDVI in July and September, the other months 

showed different degrees of increase.The increase 

rate of NDVI was the most significant in April, with 

an increase rate of 5.2%/10a (P<0.001), followed by 

may (2.6%/10a), and the smallest increase rate in 

June (0.7%/10a). The increase rate in February was 

consistent with the change trend of average annual 

NDVI, both of which were 1%/10a.The rate of reduc-

tion of NDVI was July > September and August, but 

it did not reach a significant level. 

 

Fig .5 Change in monthly mean NDVI in Qinba 

Mountains 

 

3.2 Spatial distribution of NDVI during the study 

34years in Qinba mountains 

According to the spatial distribution of NDVI in dif-

ferent periods and seasons in Qinba mountains (fig. 

6), the vegetation cover in Qinba mountains as a 

whole presents the distribution pattern of "low 

around, high in the middle, high in the east, low in the 

west, high in the north and low in the south".From 

1982 to 2015, the average value of NDVI was 0.59 

(0.27-0.74), and most of NDVI was between 0.5 and 

0.7, accounting for about 76.51% of the study area, 

indicating that the overall vegetation coverage in Qin-

ba mountains was well among 34a.The areas with 

NDVI less than 0.4 accounted for about 7.24% of the 

study area, mainly distributed in the northwestern and 

southwestern edge areas of mountainous regions.The 

region with NDVI value was 0.4-0.5 accounted for 

about 9.90% of the total area, and its distribution was 

scattered in the central region of the study area.The 

region with 0.5-0.6 accounted for about 24.13% of 

the total area, and NDVI value was most widely dis-

tributed between 0.6-0.7, accounting for about 

52.38% of the total area;The area with the best vege-

tation coverage (NDVI value 0.7-0.8) is mainly the 
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area with large forest area such as taibai mountain, 

daba mountain and shennongjia.   

Fig.6 The spatial distribution of annual and seasonal 

NDVI in Qinba Mountains in different periods 

In order to better understand the vegetation changes 

in the study area, the proportion of NDVI covered by 

different levels of annual and seasonal average was 

statistically analyzed (fig.7).The results showed that 

the vegetation distribution in the qinba mountains 

showed the same pattern in different periodsin the 34 

years. The NDVI value in different periods were 

mostly between 0.5-0.7, but the area for NDVI be-

tween 0.5-0.6 and 0.6-0.7 was decreasing, at the mo-

ment, the area for NDVI between 0.6-0.7 was increas-

ing. The proportion of low value NDVI region was 

decreasing and the proportion of high value region 

was increasing. It could be seen that the high-value 

areas were mainly increased in the Qinling moun-

tains, daba mountains and shennongjia forests, while 

the low-value areas are mainly reduced in lixian 

county, xihe county and tianshui city. 

Fig.7:  Interannual variation of annual(a) and seasonal NDVI(b-e) at different NDVI levels 
in Qinba Mountains in different periods 
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3.5 Spatial variation trend of NDVI in Qinba 

mountains in the study years 

Using linear regression equation for each pixel to re-

gression analysis with time series, and according to 

the annual NDVI value of the F test results of the 

vegetation change was divided into five categories: 

improved significantly, a slight improvement, basic 

unchanged, slight degradation, mild degradation (fig. 

8 and tab 2). 

 The areas with basically unchanged vegetation 

coverage were mainly distributed in the high-altitude 

areas with little impact from human activities, such as 

the edge of Qinghai-Tibet plateau, the northern part 

of the bashan mountain, Taibai mountain and Shen-

nongjia. In the area of vegetation improvement, the 

obviously improved area accounts for about 51.90% 

of the total area, mainly distributed in hanzhong city, 

ankang city, longnan city and other areas in the cen-

tral and eastern part of Qinba mountains, and also 

scattered in the southwest. The areas with slight im-

provement were about 11.57% of the total area, scat-

tered throughout the study area.The obvious and 

slightly degraded areas account for about 0.92% and 

1.06% of the total area respectively, and they scat-

tered in the marginal areas of the qinghai-tibet plat-

eau, such as the marginal areas of lintan county and 

zhuoni county.Overall, the variation trend of NDVI in 

the nearly 34 years Qinba mountains was: lower alti-

tude was stronger than high altitude, south was 

stronger than north, and east was stronger than west.  

 

Table.2 The classification protocols for vegetation 

coverage changes statistical result in Qinba Moun-

tains from 1982 to 2015 

Fig.8 The spatial distribution of significance levels 

for testing interannual (a) and seasonal NDVI(b-e) 

change in Qinba Mountain from 1982 to 2015 

 

The spatial distribution of NDVI changes in different 

seasons showed the degree of NDVI changes and re-

gional distribution of vegetation in different seasons 

also vary greatly (fig. 8). In spring, vegetation was 

mainly improved, and the mostly unchanged areas 

were mainly in the high-altitude areas with little hu-

man influence, such as the edge of qinghai-tibet plat-

eau and taibai mountain. The areas with moderate 

improvement were scattered in the study area, and the 

areas with obvious and moderate degradation only 

accounted for 0.12% and 0.19% of the total area. 

Summer and autumn were mainly basic unchanged, 

but the fall was significantly improved and moderate 

improvement area were more than the summer, the 

summer significant degradation and severe degrada-

tion area was more than the fall, so the vegetation 

NDVI increased 0.7% . In summer has significant 

improvement areas were mainly distributed in 

longnan, ankang municipality, significant degradation 

of area mainly in nanyang and luoyang area, and sig-

nificantly improve the regional distribution of autumn 

was relatively fragmented, significant degradation of 

Class types 
standard of 
classification 

The number 
of pixel 

Area 
propor-
tion (%) 

mild degradation Slope< 0, 
P<0.01 

39 0.92 

slight degradation Slope < 0, 
P<0.05 

45 1.06 

basic unchanged P
 >0.05 

1469 34.55 

slight improvement Slope > 0, 
P<0.05 

492 11.57 

improved signifi-
cantly 

Slope > 0, 
P<0.01 

2207 51.90 
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area accounted for only 0.73% of the total area; In 

winter, the area of vegetation improvement was 

slightly lower than the basically unchanged area, and 

the area of obvious improvement and moderate im-

provement was 24.76%, respectively, showing first 

decrease and then increase (early > later > middle 

stage).The three seasons of summer, autumn and win-

ter were in different intervals and 15.31% in different 

periods. In summary, from 1982 to 2015, the vegeta-

tion cover in Qinba mountains in spring, summer, 

autumn and winter showed an increasing trend, but 

there was a significant difference in vegetation 

change degree in different seasons. The area of vege-

tation improvement was  in spring > in autumn> in 

summer, which was consistent with the change char-

acteristics of vegetation in time, and NDVI increased 

most obviously in spring. 

 

4. DISCUSION AND CONCLUTION  

In this study years, we used GIMMS NDVI, and ana-

lyzed the space-time variation characteristics of 34 

years vegetation NDVI in Qinba mountains correla-

tion analysis method and trend analysis method, and 

obtained the following main conclusions: 

Qinba mountains NDVI showed a increased trend in 

1982-2015, the growth of 1.2% / 10 a (P < 0.001), 

NDVI stable interannual fluctuation, which in the 

1980s, 1990s, at the beginning of the 21st century the 

three stages of vegetation NDVI were increased, but 

the increase rate of the declining trend, 3.6%/10a, 

1.4%/10a, 1.1%/10a, in the recent ten years (2006-

2015). The annual changes of vegetation in Qinba 

mountain area showed strong seasonal, and NDVI 

value was summer > fall > spring > winter. For four 

seasons, spring average NDVI increased the fastest 

and most remarkable season, growth of 3%/10a (P < 

0.001), scope of NDVI and different level range, the 

largest growth rate second only to the spring and win-

ter a 1%/10a (P < 0.05), summer and autumn NDVI 

showed a trend of small gains. It indicates that the 

vegetation growth season in Qinba mountains from 

1982 to 2015 was significantly advanced, and the in-

crease of NDVI in spring may be the main response 

to global warming. In the space scale, Qinba moun-

tains vegetation pattern showed large spatial hetero-

geneity, and the NDVI high value area were mainly 

distributed in the Qinling mountains, DaBaShan Dis-

trict and shennongjia forest region and other regions, 

low-value area were mainly distributed in the north-

east edge of Qinghai-Tibet plateau and the research 

area of northeast edge of xinmi, dengfeng city, etc. 

By comparing the pixel Numbers of different ranges 

of NDVI in 1980s, 1990s and early 2000s, it can be 

seen that the pixel number of high value region of 

NDVI was increasing, while that of low value region 

was decreasing. 

 Qinba mountains vegetation NDVI change trend 

has obvious spatial heterogeneity, high altitude area 

vegetation in the study area was mainly affected by 

the climate change, vegetation cover mostly as basic 

unchanged or slightly degradation. The low altitude 

area was greatly influenced by human beings, most 

vegetation coverage performance was improved sig-

nificantly, with the ecological protection policies to 

return farmland to forest and grassland, but due to 

urban sprawl, extreme climate factors such as vegeta-

tion was characterized by degeneration phenomenon 

also make a small area. How to quantitatively study 

the response mechanism of vegetation cover change 

to human and natural factors in Qinba mountains re-

mains to be further studied in the future.  
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