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ABSTRACT

The upstream of Minjiang River, which was one of the main water sources for Chengdu
Plain and the Yangtze River, was selected as the study area in the paper. With a series
of cloud-free Landsat TM/OLI images acquired on June 24, 1994 and June 1, 2014,
the vegetation coverage of the study area was calculated based on the vegetation index
and dimidiate pixel model. The temporal and spatial changes of vegetation coverage
were analyzed with digital elevation model and county area. The average vegetation
coverage of the study area was decreased from 68.97% in 1994 to 60.39% in 2014.
The analysis results showed that vegetation changes were closely related to topographi-
cal characteristics. The proportion of vegetation degradation area increased with the
elevation increase and vegetation degradation was the most serious at the elevation
range from 3500 m to 4500 m. The vegetation degeneration was the most obvious in
Wenchuan County and Songpan County. Geological hazards caused by the earthquake
and human disturbance were the main cause of the vegetation degradation and the
aridity trend in the study area was another important factor.

Palabras clave: cambio en la cobertura vegetal, indice de vegetacion, modelo de pixeles divididos, curso alto
del rio Minjiang, China

RESUMEN

El curso alto del rio Minjiang, que fue una de las principales fuentes de agua para la
planicie de Chengdu y el rio Yangtse se seleccion6 como area de estudio para este
trabajo. A partir de una serie de imagenes Landsat TM/OLI sin nubes se calcul6 el area
de cobertura vegetal con base en el indice de vegetacion y en el modelo de pixeles
divididos (dimidiate pixel model, en inglés). Los cambios espaciales y temporales de
la cobertura vegetal se analizaron con un modelo de elevacion digital y el area del
condado. El promedio de cobertura vegetal del area de estudio disminuy6 de 68.97 %
en 1994 a 60.39 % en 2014. El analisis de los resultados mostr6 que los cambios en
la vegetacion se relacionaron fuertemente con las caracteristicas topograficas. La pro-
porcién del area vegetal degrada se incrementod con la altitud y fue mas importante en
el rango de 3500 a 4500 m. La degradacion de la vegetacion fue mas evidente en los
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condados de Wenchuan y Songpan.Los riesgos geologicos causados por temblores de
tierra y alteraciones humanas fueron la causa principal de la degradacion vegetal y la
tendencia a la aridez en el area fue otro factor importante.

INTRODUCTION

The upstream of Minjiang River located in the
transition region from Tibetan Plateau to Chengdu
Plain in China is one of the main water sources of
Chengdu Plain and the Yangtze River (Ye et al.
2002a, Ye et al. 2002b, Yao et al. 2004, Zaidi et al.
2017). This area is characterized by rich vegetation
resources and diverse ecological service functions
(Tian et al. 2014). The vertical distributions of
vegetation and climate in the area are complicated.
Its biodiversity is controlled by vertical differences
(Yang et al. 2017, Shen et al. 2017, Razali and Said
2017). Moreover, the ecological balance in this area
is fragile. Diverse ecosystems are formed under the
complex geographic conditions in typical ecological
fragile zones in western China (Grzeczka and Szy-
mak 2016, Rogers etal. 2016, Gao etal. 2017). Itis
not only an important part of the ecological barrier
of the upstream Yangtze River, but also an important
ecological barrier and the lifeline of water resources
of the Chengdu Plain. The ecological conditions
of the study region directly affect the quality and
quantity of water resources in the Chengdu Plain,
the Minjiang River and even ecological environment
and social economic development in the Yangtze
River (Zhang et al. 2011, Mi et al. 2016, Emelue
and Omongbe 2018, Mohammed 2018).

The vegetation coverage is generally defined as
the fraction or percentage of the vertical projection
of the crown area of vegetation on the ground sur-
face in the reference area (Ts et al. 1998, Gitelson
etal. 2002, Guo et al. 2007, Fu and Liu 2017, Liu et
al. 2014, Fang et al. 2017, Khan et al. 2018). How-
ever, considering the supplementary requirements
of remote sensing techniques, vegetation coverage
can be defined as the green vegetation area which
can be directly detected by the sensor from any view
direction (Singh et al. 2018, Lu et al. 2017). In this
study, the above definition of vegetation coverage
was adopted. Vegetation coverage is an important
index depicting the land surface vegetation and is
the basic index of the changes of ecological envi-
ronment and conditions of land surface vegetation
(Qin et al. 2006, Ahmad et al. 2017). Vegetation
coverage is the important indicator of the regional
ecological system and environment change. The

study of vegetation coverage is of great significance
to hydrology, ecology, and global change (Zhang
2013, Ali et al. 2017). In various traditional ground
survey ways of the vegetation coverage, the simplest
way is the ocular estimation method (Li 2003, Khan
et al. 2017). Because the ocular estimation method
is too subjective, a series of sampling methods, such
as the sample method, the belt transect method, and
the sample point method, have been developed. In
order to obtain more accurate data, some sampling
instruments have been developed, such as space
quantification meter and mobile light meter. Al-
though these methods have improved the measure-
ment accuracy, the operation is inconvenient in
the field. With the development of remote sensing
technology, remote sensing data now represent an
affordable, cost-effective, and standardized source
of environmental information and have been widely
applied in ecological surveys (Chen et al. 2013,
Aslam et al. 2017). Remote sensing allows the mea-
surement of vegetation coverage for the large area.
In the common estimation method of vegetation
coverage with remote sensing data, the distribution
characteristics of vegetation types in pixels were
analyzed to simulate the transformation relationship
between vegetation index and vegetation coverage
(Jia et al. 2013). In this paper, vegetation coverage
of the upstream of Minjiang River was estimated
by the vegetation index method and dimidiate pixel
model with remote sensing data. Moreover, the veg-
etation coverage change was analyzed with digital
elevation model and meteorological data.

STUDY AREA

Minjiang River originated from the southern foot
of Minshan is a large branch of the Yangtze River.
The upstream of Mingjiang River is located in Sich-
uan Province (102°35°18.026” E~104°15"14.817"E,
30°45°38.072”N~33°09°12.734”N) and covers 5
counties (Maoxian, Wenchuan, Lixian, Heishui, and
Songpan) with the area of 23037 km2 (Fig. 1). The
upstream of Mingjiang River is 330 km long. The
vertical distribution of the vegetation is complicated
in the study area. There are various ecological types,
such as boreal forest, arid valley shrubs, subalpine
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Fig.1. The sketch map of the upstream of Minjiang River, China

forest, subalpine meadow, and subalpine shrub. The
study area belongs to the mountain and gorge region
in the eastern margin of Tibetan Plateau with various
alpine topographies. In the study area, the average
annual temperature is 5 °C~12 °C; the accumulated
temperature is 3143 °C~4033 °C in the southern part
and 1148 °C~2319 °C in the northern part; the annual
precipitation is 500 mL ~ 600 mL; the precipitation
is mainly concentrated in the period from May to
October.

DATA ACQUISITION

Image acquisition

A series of cloud-free Landsat TM/OLI images
(WRS path 130, row 37; path 130, row 38; path
130, row 39) acquired on June 24, 1994 and June
1, 2014 in the upstream of Minjiang River were
selected. The spatial resolution of the images is 30
m. Because those images were acquired in the same
month (June), the vegetation growth and coverage
should be presumably comparable, and these images
can avoid the uncertainty in data series resulting
from different image acquisition periods (Carlsson
etal. 2005). These images can be used to monitor the

spatial and temporal changes of vegetation coverage
in the upstream of Minjiang River.

DEM data

The GDEM DEM data with the spatial resolution
of 30 m were downloaded from the website (http://
www.gscloud.cn/). The elevation in the district was
calculated based on the DEM data which clearly
depicted the topographical characteristics in the
study area.

Meteorological data

According to the phenology of the upstream of
Minjiang River, vegetation cover reaches its peak
in the period from June to July. However, climate
affects the vegetation coverage, especially in dry
years. Considering that climate significantly affected
vegetation growth, annual precipitation, mean annual
temperature, percentage of sunshine, and sunshine
duration were selected as the climate indexes. The
meteorological data were the mean values obtained
from the national meteorological sites in the study
area from 1980 to 2012.

METHODS

Data pre-processing

Due to the influence of many factors, such as the
atmosphere and sensor’s pose, remote sensing im-
ages recorded by sensors which carried by satellites
or planes have measurement errors in geometry and
brightness values (Zhang et al. 1990). The images
have been processed in the satellite ground station.
In order to improve the interpretation accuracy, the
remote sensing images were processed ENVI 5.1
software in the paper through several methods, in-
cluding geometric correction, geometric correction,
and projection transformation.

Geometric correction

In remote sensing imagery technology, the geo-
metric distortion of remote sensing image was caused
by the internal or external factors of remote sensing
system, including the location of remote sensing plat-
form, the motion of remote sensing platform, terrain
fluctuation, the curvature of the Earth’s surface, and
atmosphere refraction. The positions of targets in
remote sensing images are different from the actual
positions on the ground. Therefore, the distribution of
pixel’s rank and size is uneven and the corresponding
relationship between the pixel size and the target size
on the ground is not precise. Geometric correction
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is to reduce or eliminate the geometric distortion of
remote sensing images and to match remote sensing
image with the actual geographical space by select-
ing some ground control points (Coban et al. 2010).
Based on the QuickBird image with high spatial
resolution, some control points were selected. The
precision parameter RMS (Root Mean Square) of
control points should be less than 1. The method of
cubic convolution interpolation was adopted in grey
value re-sampling of image pixels.

Atmospheric correction

The purpose of the atmospheric correction is to
eliminate the influence of several factors, including
atmosphere and light on the clutter reflection, and
obtain the real physical model parameters (reflectiv-
ity and emissivity of objects, surface temperature,
etc.) of the Earth’s surface. FLAASH atmospheric
correction module and MODTRAN 4+ radiative
transfer model in ENVI software was used to perform
atmospheric correction. The atmospheric correction
of multispectral and hyperspectral data, aerial images,
and customized formatting of hyperspectral images
may be performed with the atmospheric correction
module in FLAASH.

Projection transformation

TM and OLI remote sensing data in original
projection coordinate system (UTM projection,
WGS- 84 coordinate system) was transformed into
Gauss-Kruger projection with 6 degrees zoning in
the Xi’an-80 coordinate system.

Vegetation index calculated

According to the spectral reflection characteristic
of the vegetation, vegetation shows strong absorp-
tion properties in the visible light red band (RED)
and strong reflection features in the near-infrared
band (NIR). On the base of different combinations
of red bands and near-infrared bands, different veg-
etation indexes can be obtained to quantitatively
reflect the status of the growth of vegetation under
certain conditions. As two of the most widely used
vegetation indexes, normalized difference vegetation
index (NDVI) and enhanced vegetation index (EVI)
were calculated by the differences in the values of
near-infrared band, red band, and blue band. The two
indexes are the optimal indicators of plant growth and
spatial distribution density of vegetation. Therefore,
NDVIand EVI are commonly used for dynamic mon-
itoring of the growth of vegetation. Terrain shadow
and atmospheric disturbance to the image can be
largely eliminated with the index of NDVI which is

linearly correlated with the vegetation distribution
density. The vegetation indexes of NDVI and EVI
were selected to calculate the vegetation coverage
and then the calculation precisions obtained with
the two indexes were compared. The more suitable
vegetation index in the study area would be selected
to invert the vegetation coverage in this paper.

For TM data of Landsat 5, NDVI and EVI are
respectively calculated as follows:

band4 — band3
band4 + band3

2.5(band4 - band3) @)
band4 + 6band3 -7.5band1 +1

For OLI data of Landsat 8, NDVI and EVI are
respectively calculated as follows:

band5 - band4
band5 + band4

EVI. - 2.5(band5 — band4)
O band5 + 6band4 —7.5band?2 +1

NDVI,,, = (1)

EVI,, =

NDVI,,, = 3)

“4)

Construction of dimidiate pixel model

Dimidiate pixel model is one of the methods to
estimate vegetation coverage, and also is one of
the simplest linear pixel decomposition model. The
dimidiate pixel model is based on the assumption
that NDVI/EVI value of a given pixel is a linear
combination of NDVI/EVI values of green vegetation
and bare soil weighted by their relative proportions
(Leprieur et al. 1994). Assuming that a pixel signal
consists of the spectrum information from soil and
vegetation, spectral dat (S) observed by the sensors
is composed of two parts: spectral data of vegetation
(Sv) and spectral data of soil (Ss). According to Eq.
(4), we can get Eq. (5):

S=8 +8, )

The weight of vegetation coverage is the percent-
age of vegetation cover surface in pixels and the
weight of soil is the percentage of soil area in pixels.
For a mixed pixel, the fraction of green vegetation
cover in is fc and the fraction of soil cover should
bel- fc. The spectral information of a pixel fully cov-
ered with the green vegetation is Syeg and the spectral
information of a pixel fully covered with bare soil is
Ssoit. The information contribution by the vegetation
composition (Sy) in pixels can be represented as:

Sv = Sveg xfc (6)



ESTIMATING THE CHANGE OF VEGETATION COVERAGE 15

The information contribution by the soil composi-
tion (Ss) in pixels can be represented as:

Ss = Ssoil x (1_ f;) (7)
Therefore, Eq. (5) can be expressed as:

S=8,xfo+S,x(1-1) (8)
The vegetation coverage can be calculated as:

f;‘ = (S - Ssoil) / (Sveg - Ssail) (9)

According to previous research in vegetation
coverage, Eq. (9) is applicable to the remotely sensed
data in the reflectance domain and spectral vegeta-
tion index domain (Leprieur et al. 1994, Maas 1998).
When spectrum information data were expressed with
NDVI/EVI, Eq. (9) can be further transformed into:

f. =(NDVI - NDVI

soil

)/ (NDVI,,, - NDVI,,,) (10)

f=(EVI- EVI

soil

)/(EV[veg_EVlsoil) (11)

Where NDVI/EVI is calculated from remote sens-
ing image; NDVisoi EVisoi is the NDVI/EVI value of
bare soil; NDVIyeg/EVIyeg is the NDVI/EVI value of
pure vegetation. Then, it is necessary to determine
the value of NDVIsoi/EVIsoit and NDVIyeg/EVIyeg to
calculate the vegetation coverage (fc) in 3 steps. In
Step 1, NDVI/EVI data of the image were calculated
based on Egs. (1)-(4) and the histogram of NDVI/EVI
data was derived. In Step 2, according to statistics
experience, NDVI/EVIvalue accounting for 5% pixel
of the histogram was set as ND Vioi/EVlsoil, and the
NDVI/EVI value accounting for 95% pixel was set
as NDVIyeo/EVIveg (L1 2003). In Step 3, the NDVisoi/
EVIsoit and NDVIyeo/EVIyeg values were substituted
into Egs. (10) and (11), to calculate the vegetation
coverage. The pixels with negative value were set as
0 and the pixels with the values larger than 1 were
setas 1.

Precision validation

Although it is difficult to experimentally validate
the precision of the calculation results of 1994, the
calculation results of 2014 can be verified. The pre-
cision validation experiment was carried out from
June 25,2014 and June 28, 2014. The field sampling
survey method was usually adopted in precision veri-
fication. According to the situation in the study area,
the vegetation coverage of each spot was surveyed

by visual estimation and typical samples of vegeta-
tion coverage were collected for estimation (Zhou et
al. 1998, Li et al. 2018). The photos of sample plots
were captured in the field and GPS coordinates of
the sample plots were recorded. Then the vegetation
coverage was estimated by visual observation. Ac-
cording to the coordinate points recorded by GPS,
the corresponding sample plots were found and then
the average value of 8 adjacent pixels and the sample
plot in the image of 2014 was set as the calculated
values. Because of the high mountains and precipi-
tous paths, it was difficult to find and investigate the
ground plots for this rugged area in the upstream of
Minjiang River. Only 31 relatively uniform plots with
different land cover types were selected.

Because the number of surveyed plots was not
large, in the model, all the data were directly utilized.
Fig. 2 shows the statistical scatter plot of the surveyed
coverage and remotely sensed coverage. The result
indicated that the coverage from dimidiate pixel
model was significantly correlated to the values by
visual survey (R2 =0.809 and 0.744). The vegetation
coverage inverted based on the NDVI showed the
higher correlation with the survey data. Therefore, the
vegetation index of NDVI was selected in the study.
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Fig. 2. The relationship between remotely sensed coverage de-
termined by sub-pixel model and the coverage obtained
by ground visual estimation

RESULTS

The change of vegetation coverage

According to the field investigation in the study
area, when <10%, the study area is covered with bare
soil, water, or buildings and there was no vegetation;
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Fig. 3. The vegetation coverage of the study area in 1994 and 2014

when >80%, the study area is fully covered with
vegetation. Classification for vegetation coverage
was divided into 5 levels: non-vegetation coverage
(NVC) (<=10%), low vegetation coverage (LVC)
(10%-30%), medium vegetation coverage (MVC)
(30%-50%), high vegetation coverage (HVC) (50%-

80%), and full vegetation coverage (FVC) (80%-
100%) (Peng and Hua 2008, Ding et al. 2009). Fig. 3
shows the vegetation coverage in the above 5 levels.

Table I shows the results of statistical calcula-
tions. The average vegetation coverage of the study
area was 68.96% in 1994 and decreased to 60.39%

TABLE I. VEGETATION COVERAGE STATISTICS OF VARIOUS COUNTIES

NVC LVC MVC HVC FVC
Counties  Years Area Area Area Area Area Area Area Area Area Area
(km?)  ratio (%) (km?)  ratio (%) (km?)  ratio (%)  (km?) ratio (%) (km?)  ratio (%)
Wenchuan 1994 357.46 8.75 157.92 3.87 234.59 5.74 1249.89  30.60 2084.14 51.03
2014 41894 10.26 271.10 6.64 428.35 10.49 1295.78 31.73 1669.83 40.89
Maoxian 1994 11541 2.96 112.94 2.89 235.25 6.03 1332.18 34.13 2107.22 53.99
2014 127.59 3.27 146.76 3.76 313.43 8.03 1286.51 32.96 2028.71 51.98
Lixian 1994  605.20 14.02 297.66 6.89 350.91 8.13 124534 28.84 1818.89  42.12
2014  615.02 14.24 372.96 8.64 464.45 10.76 1308.34  30.30 1557.23 36.06
Heishui 1994  317.04 7.28 243.28 5.58 320.61 7.36 1348.00 30.95 2127.07  48.83
2014 295.44 6.78 256.46 5.89 388.22 8.91 1683.34 38.64 1732.54  39.77
Songpan 1994  507.93 5.99 324.20 3.82 550.54 6.49 397447  46.84 3128.86  36.87
2014  480.26 5.66 513.30 6.05 1265.62 1491 4526.05 53.34 1700.77 20.04
Summation 1994 1903.04 7.57 1136.00 4.52 1691.90 6.73 9149.88  36.39 11266.18  44.80
2014 1937.25 7.70 1560.58 6.21 2860.07 11.37 10100.02  40.16 8689.08 34.55
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in 2014. In 1994, the main vegetation coverage type
was FVC and the FVC area was 11266.18 km? ac-
counting for 44.80% of the study area. In 2014, the
main vegetation type was HVC and the HVC area
was 10100.02 km? accounting for 40.16% of the study
area. The degeneration of vegetation coverage was
the most obvious in Wenchuan County and Songpan
County. From 1994 to 2014, the area of FVC was
decreased by 2577.10 km2, which accounted for
10.23% of the study area. The areas of NVC, LVC,
MVC, and HVC increased more or less and HVC
increased the most significantly because the large
area of FVC was degraded to HVC.

In order to quantitatively analyze the vegetation
degradation in the upstream of Minjiang River, the
coverage in the image of 2014 was subtracted by
that in the image of 1994 to obtain the degradation
image. The vegetation degradation was divided into
7 levels: serious degradation (SD) (the degradation
percentage >30%), degradation (D) (15%~30%),
light degradation (LD) (5%~15%), steady coverage
(S) (£5%), light restoration (LR) (—15%~—5%), res-
toration (R) (—30%~—15%), and full restoration (FR)
(<=30%) (Liu et al. 2009). The vegetation coverage
transformation image of the upstream of Minjiang
River from 1994 to 2014 was illustrated in Fig. 4. The
degradation situation of vegetation was serious, and
the vegetation degeneration area was 8419.57 km?2,
accounted for 33.50% of the study area. In addition,
the vegetation coverage in the majority of the study
area was stable and the area of S level was 14722.64
km?2, accounting for 58.55% of the total area. The
restoration area was 2004.79 km2, accounting for
7.98% of the study area.

The changes of vegetation coverage are closely
related to topographical conditions. Elevation can
directly or indirectly reflect the spatial difference
among various natural resources, such as the fre-
quency of artificial activities, temperature, light,
and rainfall. In this study, the vegetation coverage
changes were correlated with the elevation. The
elevation in the study area was divided into five
levels (741~1500 m, 1500~2500 m, 2500~3500 m,
3500~4500 m, and 4500~7100 m). Table II shows
the relationship between the vegetation coverage
change and elevation. The results indicated that the
area proportion of vegetation degradation increased
with the increase in the elevation and the vegetation
degradation was the most serious in the elevation
range of 3500~4500 m. The vegetation degradation
was serious in low the elevation range (<4500) and
the probability of the vegetation restoration was also
relatively high. The area with the elevation above

0510 20 30 40
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Fig. 4. The vegetation coverage degeneration of the study area
from 1994 to 2014

4500 m is covered with snow or bare rock and the
vegetation coverage is low and also relatively stable.
The area with the high elevation (>4500 m) showed
the relative stable vegetation coverage and the area
of S level accounted for 95.77%% of this area.

Driving forces analysis of vegetation coverage
change
Influence of earthquake

The Wenchuan Earthquake on May 21, 2008
caused serious damage to the ecological environment
in the study area (Ye et al. 2012, Luo et al. 2013,
Xu et al. 2013, Tian et al. 2014, Yang et al. 2014).
Landslide, debris flow, and other geological disasters
triggered by earthquake caused significant damages
to the vegetation in the study region, especially in
the valley of Minjiang River. There were a lot of
tongue-shaped vegetation degradation areas in Fig. 4
and it was difficult to recover a lot of vegetation
degradation areas within a short period.
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TABLE II. THE STATISTICS OF VEGETATION COVERAGE CHANGES AT DIFFERENT ELEVATION LEVELS

SD

LD

LR

FR

Area Area Area Area Area Area Area Area Area Area Area Area Area
(km?)  ratio (%) (km?)  ratio (%) (km?) ratio (%) (km?)  ratio (%) (km?)  ratio (%) (km?)  ratio (%)

ratio (%)

Area
(km?)

Elevation

6.22
3.82

26.01

345
1.93
4.56
6.34
0.18
4.86

14.41
57.86

392.04

11.55
6.39
27.28

48.27
191.33
2347.23

200.7 48.01

103.35 24.72

3.74
2.01
0.57

0.

15.65
60.28

2.31

1.35
0.52

0.73
0.02
0.

9.67
40.38

-1500

114.53

66.74
59.25
52.56
95.77

58.53

1998.43
5098.84
6269.01

17.76
5.71
4.21
0.92
6.52

531.73

1500-2500
2500-3500

2.12
2.51
0.10
248

182.77

490.97

48.67
52.37

45.14

299.72

756.25

33.20
2.96

26.18

3960.13

502.41

44

87.48

3500-4500
4500-7100

1.23
624.26

2.22
1222.78

35.61
6582.57

1150.54
14717.52

11.06
1639.52

0.04

0.71

0.47
177.44

0.24
182.91

73

Summation

B. Deng et al.

Influence of climate

Global warming is the most significant feature of
climate change over the past more than one hundred
years. According to the third assessment report of
IPCC (Intergovernmental Panel on Climate Change
of the United Nations), the average global tem-
perature rose by 0.4 °C~0.8 °C from 1860 to 2000
(Jiang et al. 2004). Under the background of global
warming, China’s annual average air temperature
rise within the past 50 years was 0.5 °C~0.8 °C,
which was slightly higher than the global average air
temperature rise (0.6 + 0.2 °C). The global average
temperature rise leads to global precipitation redis-
tribution. The annual average precipitation in China
showed the decreasing trend and the regional differ-
ence was significant in China. Precipitation reduction
in north China was the most significant, followed by
the middle and lower reaches of the Yangtze River
region and the eastern and southern regions of China
(Ding et al. 2005, Ding et al. 2006). The changes in
regional climate and vegetation were the consequence
of interaction effect of various factors (Zheng et al.
2002a, Zheng et al. 2002b, Li et al. 2011). The veg-
etation primarily affects the regional climate through
transpiration and albedo and the climate change,
including the temperature, precipitation, and other
factors, can directly affect the vegetation growth. In
order to analyze the influence of climate change on
vegetation coverage, the data of four meteorological
observation sites in the upstream of Minjiang River
from 1980 to 2012 were collected. A few climate
factors were selected, such as annual precipitation,
mean annual temperature, percentage of sunshine,
and sunshine duration. The characteristics of climate
change in the study area in the past 30 years were il-
lustrated in Fig. 5. The analysis results indicated that
both the interannual change and the overall trend of
each climate factor were obvious. The aridity trend
in the study region was complex. The annual precipi-
tation was in the overall decreasing trend and mean
annual temperature was in the rising trend. Besides,
the decreases in percentage of sunshine and sunshine
duration had negative impacts on vegetation growth.
The aridity trend in the study region might be another
important factor.

Influences of human activities

The vegetation coverage under natural conditions
might be relatively steady, but frequent human activi-
ties might cause the degeneration of vegetation in the
study area (Peng et al. 2012). The serious vegeta-
tion degradation in the regions with the low altitude
(<1500 m) might be partly caused by human activities,
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Fig. 5. The trend analysis of climate factors

including the construction of hydropower stations,
human deforestation, the construction of roads and
railways, and mining activities of ore and sand.

Influences of policy

After the Wenchuan Earthquake, a series of eco-
logical restoration and reconstruction projects were
launched in the earthquake-stricken area. These
projects had positive impacts on the recovery of
ecological environment.

CONCLUSIONS

The vegetation coverage of the upstream of
Minjiang River was calculated based on vegetation
index and dimidiate pixel model with remote sensing
images. The result of precision evaluation showed
that calculation results were basically consistent with
survey results and that the dimidiate pixel model
based on vegetation index could be used to extract
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the vegetation coverage in the study area. The vegeta-
tion coverage in the study area was decreased from
68.97% in 1994 to 60.39% in 2014. FVC area was
reduced most significantly and the degeneration of
vegetation coverage was the most obvious in Wen-
chuan County and Songpan County. The vegetation
degradation in the area with the low elevation (<4500
m) was more serious than that in the area with the
high elevation (>4500 m) according to the analysis
results of the vegetation coverage change and the
DEM. In general, natural environmental changes and
human activities are the main driving forces associ-
ated with vegetation coverage change. In this study,
natural and contrived factors were analyzed. A series
of geological hazards caused by the earthquake led
to devastating damages to the vegetation in the study
area. Obvious aridity trend in the study area was
another important factor for vegetation degradation.
Furthermore, engineering construction and defores-
tation significantly affected the vegetation coverage
in the study area.
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Under the natural state, vegetation restoration is
a long process. In order to accelerate the restoration
process of the vegetation damaged in the Wenchuan
Earthquake, artificial vegetation regeneration may
be adopted to accelerate natural regeneration. In
the meanwhile, artificial vegetation destruction ac-
tivities should be banned. The appropriate climate
environment can promote the vegetation growth. In
turn, vegetation can adjust local climate, making the
climate environment more appropriate.

In this study, the climate change trend was ana-
lyzed. The influences of climate change on vegetation
coverage change will be studied in the future work.
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