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Abstract. Vegetation coverage dynamics is affected by climatic, topography and
human activities, which is an important indicator reflecting the regional ecological
environment. Revealing the spatial-temporal characteristics of vegetation coverage is

of great significance to the protection and management of ecological

environment.

Based on MODIS NDVI data and the Maximum Value Composites (MVC), we
excluded soil spectrum interference to calculate Fractional Vegetation Coverage
(FVC). Then the long-term FVC was used to calculate the spatial pattern and temporal
variation of vegetation in Wujiang River Basin from 2000 to 2016 by using Trend
analysis and Hurst index. The relationship between topography and spatial distribution
of FVC was analyzed. The main conclusions are as follows: (1) The multi-annual
mean vegetation coverage reveals a spatial distribution variation characteristic of low
value in midstream and high level in other parts of the basin, owing a mean value of
0.6567. (2) From 2000 to 2016, the FVC of the Wujiang River Basin fluctuated
between 0.6110 and 0.7380, and the overall growth rate of FVC was 0.0074/a. (3) The
area of vegetation coverage tending to improve is more than that going to degrade in
the future. Grass land, Arable land and Others improved significantly; karst rocky
desertification comprehensive management project lead to persistent vegetation
coverage improvement of Grass land, Arable land and Others. Residential land is
covered with obviously degraded vegetation, resulting of urban sprawl; (4) The spatial
distribution of FVC is positively correlated with TNI. Researches of spatial-temporal
evolution of vegetation coverage have significant meaning for the ecological

environment protection and management of the Wujiang River Basin.

1. Introduction

Vegetation, as the main body of terrestrial ecosystem, vegetation plays an important role in material
circulation, energy flow and information transmission, and it is also the most sensitive indicator of
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global change [1]. It is important to study the spatial distribution and temporal variation of vegetation
coverage, and to study the evolution of vegetation and climate change and human activities, to reveal
the evolution of regional environmental conditions and to predict future development trends [2].

Normal Differential Vegetation Index (NDVI) is an important indicator of vegetation status [3].
However, interferences introduced by the spectral characteristics of soil components can result in
uncertainties in the NDVI products [4]. Thus, the linear spectral unmixing method has been proposed
to tackle this problem to estimate the FVC on the earth’s surface [5]. FVC is a key biophysical
parameter to study the state and function of the earth's ecological system in the time-space scale.
Myneni and Tucker analyzed the vegetation coverage changes from 1981-1991 and 1981-1999
respectively. The results showed that vegetation found in the northern hemisphere activity showed a
trend of increase, especially middle latitudes, and argues that the enhancement trend because of
climate warming [6, 7]. Fu Bojie et al. Used FVC to analyze the change of vegetation coverage in
China from 2000-2010, and found that China experienced vegetation greening and browning, and had
great spatial heterogeneity [8]. Xiaowei Tong et al. Analyzed the change of vegetation coverage in
2001 and 2013, and found that China's national and local governments implemented a series of
ecological restoration projects to restore vegetation coverage [9]. Shibin Ma based on SPOT-VEG
NDVI data, combined with vegetation type, meteorological and rocky desertification data, analyzed
the changes and driving factors of vegetation in karst area of Guizhou Province, argues that the
relationship between vegetation change and climate change must be weighed from the macroscopic
point of view effects and climate change on vegetation changes [10]. The study shows that vegetation
coverage is a good feature of ecological environment, and it has obvious recovery trend in recent years.
Wujiang River Basin is a typical karst area, the ecological environment is extremely fragile; in recent
years, and the national and local governments have carried out many ecological environment
restoration and management projects. It is of great significance to assess the ecological environment
restoration in the Wujiang River Basin through vegetation coverage.

Based on this, this paper takes the Wujiang River Basin as the research object, based on MODIS
NDVI data and the MVC, we excluded soil spectrum interference to calculate FVC. Then the long-
term FVC was used to calculate the spatial pattern and temporal variation of vegetation in Wujiang
River Basin from 2000 to 2016 by using Trend analysis and Hurst index. The relationship between
topography and spatial distribution of FVC was analyzed. The aim is to provide scientific basis for
ecological restoration of wujiang river basin.

2. Materials and Methods

2.1. Study Area

Wujiang River is located in southern China (26°9'—28°14' N and 104°19'—108°35' E), the Yangtze
River on the south coast of the largest tributary, the first river in Guizhou. Flows through Bijie,
Liupanshui, Anshun, Guiyang, Zunyi 5 cities, the total length of 1037km, watershed area 5.10Wkm?.
Wuyjiang River system was pinnate distribution, watershed southwest high, low northeast, basin karst
development. The terrain is dominated by plateaus, mountainous, mountainous and low hills (Fig 1).
The elevation within the basin is 325-2855m, the height difference is large, the natural landscape
changes obviously. The watershed is a subtropical monsoon climate zone, mild climate, abundant
rainfall, the annual average temperature of 13 ~ 18 “C. There are many types of natural environment,
vegetation mainly coniferous mixed forest, arable land vegetation, shrub, plateau meadow and so on.
There is a widespread karst rocky desertification in the basin.
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Figure 1. Location (left bar) and Topography (right bar) of the study area.
2.2. Datasets and Processing
The data in this study include MODID NDVI (MOD13Q1), this time scale of the data products is
2000.02-2016.12. DEM is 90m resolution digital elevation data.

Table 1. The main data source.

Data Web link
Administrative National Earth System Science Data Sharing http://www.geodata.cn/
MOD13Ql1 United States Geological Survey http://glovis.usgs.gov/
SRTM Geospatial data cloud http://www.gscloud.cn/
Landuse Chinese Academy of Smences Resource and Environment http://www resde.cn/
Science Data Center
2.3. Methods

Study on the spatial-temporal evolution of vegetation coverage in Wujiang River Basin, Based on
MOD13Q1 data and the MVC, we excluded soil spectrum interference to calculate FVC. Then the
long-term FVC was used to calculate the spatial pattern and temporal variation of vegetation in
Wujiang River Basin from 2000 to 2016 by using Trend analysis and Hurst index. The relationship
between topography and spatial distribution of FVC was analyzed (Fig 2).
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Figure 2. Flowchart of .spatial-temporal evolution of vegetation coverage
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2.3.1. The FVC. MODIS product data involve sinusoidal projection. Firstly, the resulting product data
batch is subjected to projection transformation by utilising the MODIS Reprojection Tools provided
by NASA. This batch is converted into an ALBERS area projection and WGS-84 coordinate system,
and the HDF format is converted into TIFF format [11]. The image data are then geometrically
corrected and cut. FVC refers to the ratio of the vertical projected area of the canopy to the total soil
area. Estimates are made with the pixel dichotomy model [12]. The formula is presented as follows:

Fve — _NDVI —NDVI 0
NDVI ,,, — NDVI

soil

Where “NDVIii” and “NDVlI,.,” are the NDVI values of the pixel, bare land and pure vegetation
pixel, respectively. With the NDVI value statistics, the cumulative frequency of 1% “NDVIi” and
cumulative frequency of 99% “NDVl.” [13]. This study utilises a complete growing season. The
MVC is used to calculate the monthly value, while the average method is adopted to obtain the annual
value.

2.3.2. The Trend of FVC. The annual variation trend of FVC is expressed by the slope of the least
squares linear regression equation of each raster. The specific formula is as follows:

”Z(i xM FVC,i)_Zi XZ M FVC i
i-1 i=1 i=1
n x Zn:iz - (Zn: i)?
i=1 i-1

Kk =

2

Represents the trend “k”of FVC. When “k> 0, the trend of vegetation coverage over 17 years is
increasing, otherwise, it decreases. The apparent degree of FVC change depends on the value of “k”.
Where: “n” is 17, “i” is the serial number, “MFVC, i” is the first year of FVC. At present, the trend of
MEFVC, “k” value change is not uniform. The study found the value of “k” in line with the normal
distribution, vegetation cover change will be divided into five grades, as follows: Degradation (“k”<-
0.01), slightly degradation (-0.01<k”<C-0.05), Stableness (-0.05<“k”<<0.05), slightly improvement

(0.05<k”<<0.01) and Improvement (“k”>0.01) [14].

2.3.3. The Hurst of FVC Trends. Hurst index is an effective method to describe the dependence of
long-term sequence information quantitatively [15]. In recent years, Hurst index has been widely used
in vegetation change research:

1. Consider the FVC time series “FVCt”, “t” =1, 2, 3, 4, ..., n, for any positive integer t > 1, define
the time series of the mean sequence,

1 T
FVCq) = ;Z FVC(T) ,1=1,2,....n (3)
t=1

2. To calculate the cumulative deviation,
t —
X = 2(FVCyy =FVC) Listst )

t=1

3. To create the range sequence,
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R =max X, -—minX, , =12 . .n 6))

1<t<r ’ I<t<r

(7)

4. To create the standard deviation sequence,

N | —

i e
S(r): ;Z(FVCQ)_FVCJ ,0=1,2,...n (6)

t=1

To rescale the range,

R _ (co)" 7)
(7)

Where “H” is the Hurst index and the Hurst empirical formula is obtained for both sides of the
formula. Based on the time series and the Hurst empirical formula, a cluster of “H” values is obtained
by least squares fitting. The straight slope is the modified Hurst index (H).

Hurst index (“H”value) can reflect the randomness or persistence characteristics of FVC time series.
When 0.5 <“H” <1, the time series has long-range dependency, which is persistent, that is, the future
change is consistent with the past trend. The higher the persistence, when “H” = 0.5, then the FVC
time series is a random sequence, there is no long-term correlation; when 0 is the same as the increase
in the trend of the region will continue to increase in the future, and vice versa, 0<“H” <(.5, it
indicates that the time series is counter-persistence, that is, the future trend of change is contrary to the
past [16].

2.3.4. The terrain niche index (TNI). The TNI was utilized to characterize the topographic variation in
South China. It was calculated as:

NI = 1g[(%+ 1) x (% + 1)} ®)

Where“e”and “E”are the elevation of the pixel and the average elevation of the study area
respectively, whereas“s”and“S” signify the slope of the pixel and the average slope of the study area.
Large TNI values correspond to higher elevation and larger slope angles, being typical for karst
plateaus and gorges. In contrast, smaller TNI values indicate lower elevation and smaller slope angles.
Medium TNI values are found in areas of a higher elevation but small slope angle, or low elevation

but with larger slope angles, or moderate elevation and slope angle [17].
3. Results

3.1. Vegetation Patterns and Dynamics during 2000-2016
From 2000 to 2016, the FVC of the Wujiang River Basin fluctuated between 0.6110 and 0.7380, and
the overall growth rate of FVC was 0.0074/a. The 17-year average was 0.6567 (Fig 3).

The spatial distribution of vegetation is affected by natural conditions and human activities. The
average vegetation coverage in the Wujiang River Basin in the past 17 years is as follows: the multi-
annual mean vegetation coverage reveals a spatial distribution variation characteristic of low value in
midstream and a high level in other parts of the basin (Fig 5). From the landuse point of view,the
Forest land FVC (0.6853) value is the highest, followed by Grassland (0.6434), followed by Arable
land (0.6268), water area (0.5345), Residential land (0.4563), the Others (0.3541) lowest (as shown in
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Table 2). The study area of FVC less than 0.4 accounted for 0.5%, mainly distributed in Water area
and others. FVC in the 0.4-0.6 between the vegetation coverage areas accounted for 7.3%, mainly in
Guiyang, Bijie, Liupanshui, Anshun and other urban areas and the surrounding areas. The coverage
ratio of FVC in the vegetation coverage area between 0.6 and 0.8 is widely distributed in the
watershed. FVC greater than 0.8 high vegetation coverage area accounted for 13.3%, mainly

distributed in Forest land.
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Figure 3. Inter-annual variations of FVC in Wujiang from 2000 to 2016
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Figure 4. Spatial distribution of landuse types in Wujiang.
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Figure 5. Spatial distribution of FVC in Wujiang.

Table 2. Comparison of FVC values under different landuse types

Allocation ratio (%)
Arearatio <02 02-04 04-0.6 06-08 >0.8
Forest land 0.6853 48.75 0.00 0.05 1.36 36.38 1097
Grassland 0.6434 18.27 0.00 0.04 1.48 15.48 1.28
Arableland 0.6268 31.94 0.00 0.13 4.01 26.75 1.05
Water area 0.5345 0.42 0.02 0.04 0.15 0.19 0.01
Residential land 0.4563 0.60 0.00 0.20 0.28 0.11 0.00
Others 0.3541 0.02 0.00 0.00 0.01 0.01 0.00

Landuse FVvC

3.2. Vegetation Trends and Future Vegetation Trends in Different Landuse

The area of vegetation coverage tending to improve is more than that going to degrade in the future
(improved area> degraded area). Improvement (28.03%) and slightly improvement (50.65%) of
vegetation coverage was mainly distributed in the upper reaches. Degradation (1.63%) and slightly
degradation (6.51%) of vegetation cover was mainly distributed at downstream. Stableness (13.19%)
of the vegetation distributed within the watershed. Grass land, Arable land and others improved
significantly; Residential land is covered with obviously degraded vegetation (Fig 6).

Hurst refers to (from 0 to 0.89), the mean of “H” is 0.56 and the standard deviation is 0.0883 in the
study area. In the 59% of the study area, the “H” value was 0.5 or more and the distribution was more
dispersed.The spatial distribution of FVC variation character based on Hurst index, by the dynamic
trend of FVC and Hurst index spatial analysis. Persistence improvement (16.82%) and persistence
slightly improvement (25.97%) vegetation coverage was mainly distributed in the Grasslands and
Others upstream of the basin; Persistence degeneration (1.33%) and persistence slightly degradation
(3.45%) Mainly distributed in the Residential land; Persistence stableness vegetation coverage
accounted for 6.11% of the study area, the Uncertainty of the trend of vegetation coverage accounted
for 48.33% relatively evenly distributed in various types of landuse (Fig 7and 8).



ESMA 2017 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 108 (2018) 042066  doi:10.1088/1755-1315/108/4/042066

105°E 106°E 107°E 108°E
1 I | 1

28°N
L

27°N

1 — River B improvement [ Slightly Improvement 0 50 100 km
1 Stab W Degradati [0 Stightly Degradati L 1 |

26°N

Figure 6. Trends of FVC in Wujiang from 2000 to 2016
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Figure 7. Spatial distribution of FVC variation character based on Hurst index
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Figure 8. The area ratio (percentage cover) of different vegetation trends (2001 to 2013) (left bar)
andfuture vegetation trends (right bar) in different project regions

3.3. Distribution of FVC for Different Terrain Conditions

Previous studies, the terrain is the main controlling factor in the spatial distribution of FVC [18]. In
this paper, TNI is calculated by dividing DEM and Slope. TNI values between 0-1.2, it was divided
into 6 levels. On the whole, downstream and southern watershed, such as low altitude, low slope, TNI
value is low; Guiyang, Anshun, Zunyi and other areas of the city area slope small, low value TNI
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(Figure 9). FVC will be divided into 10 levels by using natural breakpoint. We take FVC and TNI to
do spatial overlay analysis. It is found that when TNI is less than 0.2, the lower FVC value is larger
than that of FVC, and when the TNI value is between 0.2-0.4, the FVC mean is higher; the FVC mean
is highest when the TNI value is between 1-1.2; all in all, the spatial distribution of FVC is positively
correlated with TNI (Fig 10).
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Figure 9. Spatial distribution of Slope (left bar) and TNI (right bar) in Wujiang
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Figure 10. Statistics of FVC grade by different TNT grade

4. Discussion

The FVC in the Wujiang River Basin has an average value of 0.6567 in 2000-2017, consistent with the
vegetation coverage in the region [9, 10] . From the landuse point of view,the Forest land FVC value
is the highest, followed by Grassland, followed by Arable land, water area, Residential land, the
Others lowest. This is similar to previous studies [14]. There are obvious differences in the spatial
distribution of vegetation coverage in the Wujiang River basin, which is the result of the combination
of natural conditions and human activities. In general, the vegetation coverage in the middle reaches of
the Wujiang River is slightly lower than that in the upper and lower reaches, mainly due to the
medium elevation of the middle reaches of the river, the flat terrain and the low TNI value.
Construction land and arable land accounted for a higher proportion in the landuse, and the vegetation
coverage is low .In the upper reaches, due to the high altitude, high slope, and high TNI value, the
landuse is dominated by grassland and arable land, and the vegetation coverage is higher. The
vegetation coverage is higher in the lower reaches, although the elevation is low,the slope is large and
the TNI value is low, the landuse is dominated by forest land, and the vegetation coverage is higher.
Due to human activities frequently, FVC value is lower in Guiyang, Anshun, Liupanshui, Zunyi, Bijie
and other urban areas [19].
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From 2000 to 2016, the vegetation coverage in the Wujiang River Basin changed significantly, and
the vegetation as a whole was improved, which was the result of the positive effects of human
activities [20]. More than half of the vegetation in the basin has been improved, and the improved
vegetation is mostly arable land, grassland and others. With the rapid economic development and the
reduction of farmers' dependence on land, the impact of unreasonable activities on rocky
desertification has been reduced. The government advocates returning farmland to forest and grassland
and other ecological management projects [21]. The degraded areas are mostly in the construction area,
which is mainly caused by city expansion such as urban expansion and road network construction. It is
noteworthy that, in the future trend of change, continuously improved landuse is among the most
obvious. In recent years, the national and local governments have continued to carry out the
comprehensive management of rocky desertification in the Wujiang River Basin, resulting in rocky
desertification-based other vegetation has been continuously improved [21]. The area of persistent
degradation is dominated by construction land, due to sustained urban expansion. In the future urban
development process, we should strengthen the surrounding ecological environment management and
protection.

Many factors will affect the results of the study. In this paper, MOD13Q1 is used as the data source
to calculate FVC. On the calculation method, the maximum data is obtained by the maximum value
method, and the month data are obtained by the maximum value of the synthetic method and then the
average annual data are obtained by the average value, and the error of the data due to the weather is
eliminated. Compared with the actual research, the research results are in line with the actual situation.
At the same time, there are still many improvements in the research of this paper. In the study period,
there is a minimum value in some years, combined with the previous research experience which is
caused by extreme climate. Due to the limitations of the data, this article is not in-depth discussion.

5. Summary and Conclusions

Based on MODIS NDVI data and the MVC, we excluded soil spectrum interference to calculate FVC.
Then the long-term FVC was used to calculate the spatial pattern and temporal variation of vegetation
in Wujiang River Basin from 2000 to 2016 by using Trend analysis and Hurst index. The relationship
between topography and spatial distribution of FVC was analyzed. The main conclusions are as
follows:

The multi-annual mean vegetation coverage reveals a spatial distribution variation characteristic of
low value in midstream and high level in other parts of the basin, owing a mean value of 0.6567.

From 2000 to 2016, the FVC of the Wujiang River Basin fluctuated between 0.6110 and 0.7380,
and the overall growth rate of FVC was 0.0074/a.

The area of vegetation coverage tending to improve is more than that going to degrade in the future.
Grass land, Arable land and Others improved significantly; karst rocky desertification comprehensive
management project lead to persistent vegetation coverage improvement of Grass land, Arable land
and Others. Residential land is covered with obviously degraded vegetation, resulting of urban sprawl.
TNI is the composite index of DEM and Slope, the spatial distribution of FVC is positively correlated
with TNL
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