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Abstract: Vegetation fractional coverage (VFC) is an important index to describe and evaluate the ecological 
system. The vegetation index is widely used to monitor vegetation coverage in the field of remote sensing (RS). In 
this paper, the author conducted a case study of the delta oasis of Weigan and Kuqa rivers, which is a typical saline 
area in the Tarim River Watershed. The current study was based on the TM/ETM+ images of 1989, 2001, and 2006, 
and supported by Geographic Information System (GIS) spatial analysis, vegetation index, and dimidiate pixel 
model. In addition, VBSI (vegetation, bare soil and shadow indices) suitable for TM/ETM+ images, constructed with 
FCD (forest canopy density) model principle and put forward by ITTO (International Tropical Timber Organization), 
was used, and it was applied to estimate the VFC. The estimation accuracy was later proven to be up to 83.52%. 
Further, the study analyzed and appraised the changes in vegetation patterns and revealed a pattern of spatial 
change in the vegetation coverage of the study area by producing the map of VFC levels in the delta oasis. Forest, 
grassland, and farmland were the three main land-use types with high and extremely-high coverage, and they 
played an important role in maintaining the vegetation. The forest area determined the changes of the coverage 
area, whereas the other two land types affected the directions of change. Therefore, planting trees, protecting 
grasslands, reclaiming farmlands, and controlling unused lands should be included in a long-term program because 
of their importance in keeping regional vegetation coverage. Finally, the dynamic variation of VFC in the study area 
was evaluated according to the quantity and spatial distribution rendered by plant cover digital images to deeply 
analyze the reason behind the variation. 
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Vegetation fractional coverage (VFC) is the vertical 
projection of vegetation (including leaves, stems, or 
shoots) to the ground surface and is expressed as the 
fraction or percentage of the reference area (Purevdorj 
et al., 1998; Gitelson et al., 2001; Chen and Chen, 
2006; Godínez-Alvarez et al., 2009). VFC couples 
natural environmental changes and human activities, 
and is an essential index to describe the ecological 

system (Sellers et al., 1996; Liu et al., 2009). In addi-
tion, VFC is a critical variable in global and regional 
hydrological and climatic model simulations. Vegeta-
tion, including forests, bushes, grasslands, farmlands, 
and orchards, as important components of the eco-
logical cycle, can maintain the ecological environment. 
Vegetation is the main index used for measuring the 
state and performance of the ecological environment.  
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Vegetation change attaches a great importance to 
global energy circulation and geo-biochemical circu-
lation of substances. Therefore, monitoring VFC has 
a great significance for both ecology and society 
(Wang et al., 2008; Fan and Zhang, 2009), and VFC 
estimation of a large area has become a foundation in 
establishing global and regional climate and hydro-
logical models (Chen et al., 2001). VFC measure-
ment using traditional estimation from field sampling, 
however, could be really cost- and effort-consuming 
and could result in low precision due to obvious spa-
tial and temporal variations. In this regard, the new 
method of VFC estimation includes the experi-
ence model and vegetation index conversion tech-
nique (Zhang et al., 2003). The former technique 
relies on the field data in specific areas, and has 
many limitations in application although it can 
achieve certain accuracy in small areas. The latter 
technique, which directly converses vegetation index 
(VI) to VFC, is becoming a preferred method (Gai et 
al., 2009). 

VI is indirectly obtained by new techniques, such 
as remote sensing. It is an indirect but comprehen-
sive abstraction and general measurement of the 
vegetation coverage; thus, the conversion from VI to 
VFC is necessary (Jiang et al., 2006). Recently, 
various studies have been conducted on remote 
sensing monitoring. These studies have boosted the 
application of numerous measuring methods, such as 
GIS spatial analysis, VI, regression analysis, artifi-
cial neural network (ANN), and dimidiate pixel 
model (Leprieur et al., 1994; Chen et al., 2001; Zribi 
et al., 2003; Patel et al., 2007; Xie et al., 2008; Jia-
paer et al., 2011). The combination of VI and dimidi-
ate pixel model is widely applied for VFC measure-
ment (Qi et al., 2000; Zhang et al., 2008; Hu et al., 
2009; Zhang et al., 2009a; Liu and Ren, 2012; Ma et 
al., 2012). This combined process is done to collect 
corresponding image wavebands on the ground of 
remote sensing images, build a model to obtain VBSI, 
and finally estimate VFC through VI conversion 
technique. The VI in the study area has been chosen 
from International Tropical Timber Organization 
(ITTO), i.e. Forest Canopy Density Mapping Model 
(FCD Model) (Rikimaru and Miyatake, 1997). Thus, 

the VBSI that could weaken the influences came 
from the shadow and soil background. The current 
study found that about 90% of the data in the dia-
gram of vegetation cover based on the TM-based 
FCD model are accurate compared with field inves-
tigation data (Rikimaru, 1996; Li et al., 2003). 

The delta oasis of Weigan and Kuqa rivers, domi-
nated by agriculture with farming and herding cul-
tures, is one of the most important production bases 
for grains and cotton in Xinjiang. Therefore, the pa-
per chose the delta oasis as the study area by study-
ing the TM/ETM+ images of 1989, 2001, and 2006 
to calculate the VFC with VBSI. Remote sensing 
monitoring on the dynamic change of coverage in the 
oasis was conducted. The paper attempts to offer 
evidentiary support for ecological construction and 
sustainable development from the result of the dy-
namic variation rules in the three periods.  

1  Study area 

The delta oasis of Weigan and Kuqa rivers (“the oa-
sis”) is located to the south of Tianshan Mountains and 
the north of the Tarim Basin, with geographic coordi-
nates between 41°06′–41°38′N and 81°26′–83°17′E. It is 
a typical and complete piedmont alluvial-pluvial fan 
plain, including the Kuqa, Xinhe, and Shaya counties 
of the Aksu prefecture. In the study area, the underly-
ing surface conditions are basically similar and the 
topographic relief is not obvious (Fig. 1). Weigan 
River radiates from the mountain pass, forming a large 
fan oasis, which is 64 km long from east to west and 
160 km wide from north to south. The average altitude 
of the oasis is 920–1,100 m from south to north. The 
delta oasis of Weigan and Kuqa rivers covers about 
5.35×106 hm2. The oasis has a typical continental cli-
mate with low precipitation, strong evaporation, large 
temperature differences, strong wind and windblown 
sand, and long sunshine hours. The average annual 
precipitation in the study area is 51.6 mm, with 60% 
to 70% falling between May and August. The average 
evaporation is 1,992.0 to 2,863.4 mm and the annual 
average temperature is 10.5°C to 11.40°C (the highest 
temperature is 41.5°C and the lowest is –28.9°C). The 
area is dominated by northeast wind and the gales are 
from the north. The frost-free season of the area falls  
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Fig. 1  Map of the study area 
 

between 209.8–226.4 d. In the past, the oasis had 
abundant water resources. Situation has changed since 
the 1970s; however, due to the faster development at 
the upper reaches region, an increased use of water 
has led to the decrease of water resources in the lower 
reaches. Gradually, the water courses of the rivers 
dried up, the desert expanded, and the primary plants 
degenerated. At present, the oasis is of a typical desert 
vegetation type and show further degradation (Zhang 
et al., 2009b; Ma et al., 2011). 

The vegetation in the oasis mainly consists of eco-
nomic crops and natural vegetation. The former in-
cludes cotton, corn, winter wheat, and so on, and the 
latter is mostly covered by halophytic pants widely 
scattered in the oasis. The coverage and distribution 
features of the vegetation depend on groundwater 
level, salt, and the altitude. The plants distributed at 
the edge of the oasis and on the two sides of the water 
channel are richer and have a greater coverage. They 
include succulent halophytes and salt-secreting plants, 
such as Halostachys caspica, Halocnemum strobi-
laceum, Alhagi sparsifolia, Nitrarria sibirica, Tamarix 

ramosissima, Karelinia caspia and Phragmites aus-
tralis.  

2  Data and methods 

2.1  Data 

In order to monitor the change of vegetation coverage 
based on multi-temporal satellite images, the study 
chose three periods of Landsat TM/ETM+ images 
(Path 145, Row 31) for 25 September 1989, 1 August 
2001, and 22 July 2006. The images were taken when 
crops and natural vegetations were growing well and 
could fully represent the growing conditions of the 
vegetation in the study area. Vegetation in the area 
usually grows and develops from May to October, and 
June to September is the best period (Yang et al., 
2009). Other data sources in the study include: land 
use/cover map and vector data of Kuqa, Xinhe and 
Shaya counties for 1988, 1995 and 2002; statistics 
data of historical land surveys, populations and social 
economies; field exploration data and landscape GPS 
photos.  
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2.1.1  Image geometric correction 
The Landsat TM image acquired on 22 July 2006 was 
geometrically corrected on the basis of the 1:50,000 
digitized raster map. The digitized raster map was set 
as the base image, and there were about 60 ground 
control points selected using ENVI 4.8 software. The 
Landsat TM image was warped using the third-degree 
polynomial model, and the Landsat TM was linearly 
re-sampled with a resolution of 30 m. The geometric 
correction precision was better than half a pixel. The 
geo-corrected Landsat TM image was set as the base 
image, and the other two Landsat TM/ETM+ images 
were then geo-referenced to the Landsat TM image. 
The geometric correction precision was better than 
one pixel. 
2.1.2  Image radiometric calibration 
Raw images recorded the digital number (DN). In or-
der to get accurate VBSI results, we transformed the 
DN value to the reflectivity. After radiation calibration, 
we could get the image reflectivity. Firstly, the em-
pirical line calibration method was employed for ra-
diometric calibration for the TM image of 22 July 
2006, and the TM image was then converted from DN 
to reflectance. Secondly, the pseudo-invariant objects, 
such as water, bare soil and dense vegetation, were 
selected from the three Landsat TM/ETM+ images. 
Finally, the other two images were matched to the TM 
image of 22 July 2006, using the least square regres-
sion method, and the other two Landsat TM/ETM+ 
images were converted from DN values to reflectance 
which was finally used as an input for further analysis 
(National Aeronautics and Space Administration, 
2004). 

2.2  Methods 

2.2.1  FCD model  
The FCD (forest canopy density) model was proposed 
based on the biophysical characteristics of the forest, 
including four main indices, i.e. vegetation index (VI), 
bare soil index (BI), shadow index (SI), and thermal 
index (TI, which is rarely used). The features and rela-
tions of the four indices are shown in Fig. 2 (Jiang et 
al., 2005). The features of RS images used in this pa-
per, namely, blue waveband (B1), green waveband 
(B2), red waveband (B3), near-infrared waveband (B4), 
and short infrared wave band (B5), were employed to 

build VI, BI, and SI (Li et al., 2003; Jiang et al., 
2005). 
 VI=NDVI=(B4–B3)/(B4+B3); (1) 
 BI=(B5+B3–B4–B1)/(B5+B3+B4+B1); (2) 
 SI=((256–B1)(256–B2)(256–B3))1/3. (3) 

 

 
 

Fig. 2  The principle of FCD model 
 

2.2.2  Construction of VBSI index  
Studies on VI, BI and SI have shown a positive corre-
lation between SI and VI. A negative correlation be-
tween BI and VI was shown (Jiang et al., 2006). The 
effects from image shadows, soil backgrounds, rocks 
and building lots could be reduced by linearly com-
bining VI, BI, and SI to some extent. Therefore, VBSI 
index was constituted on the ground of the test  
 VBSI=f(VI, BI, SI)=(VI+n×BI)×SI. (4) 
Where n is the correction coefficient. According to the 
actual condition and the tests, n is equal to –0.1. The 
VBSI of the whole image was calculated (Fig. 3), and 
all these operations above were done by employing 
ENVI remote sensing software. 
2.2.3  Remote sensing estimation model for VFC  
The dimidiate pixel model is a simple but practical 
model for remote sensing estimation. The model hy-
pothesizes that the 1-pixel surface consists of two 
parts: the vegetation-covered and the vegetation-un-
covered surfaces. The spectral information observed 
using a remote sensor is also a weighted linear com-
bination of the two component factors. The weight of 
each factor is the percentage of its size to the pixel, 
e.g., VFC can be regarded as the weight value of 
vegetation (Jiang et al., 2006; Qiao et al., 2006). Ac- 
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Fig. 3  The VBSI map of the study area in 1989 (a), 2001(b) and 
2006 (c) 

 

cording to the principle of dimidiate pixel model S, 
the information observed from the remote sensor can 
be expressed as the sum of Sv, the information con-
tributed by the green vegetation components, and Ss, 

the information coming from the soil components. The 
mixed pixel model simplifies the pixel information S 
into Sv and Ss, representing the vegetation information 
and non-vegetation information, respectively.  
 S=Sv+Ss. (5) 

Let fc be the coverage percentage of the vegetation 
in one pixel, i.e., the VFC of this pixel, then the per-
cents of the non-vegetaion coverage is 1–fc. If let Sveg 
be the pixel information under all covered by vegeta-
tion, Sv can be expressed as the product of Sveg and fc. 
 Sv=fc×Sveg. (6) 

Similarly, if there is no vegetation coverage (pure 
pixel all covered by soils) and let Ssoil be the pixel in-
formation, then Ss is the product of Ssoil and 1–fc. 

 Ss=(1–fc)×Ssoil. (7) 
Substituting Equations 6 and 7 into Equation 5, the 

following equation can be obtained:  
 S=fc×Sveg+(1–fc)×Ssoil. (8) 

Equation 8 can be translated as linearly decompos-
ing S into Sveg and Ssoil. The weight value of each part 
is the percentage of its size to the pixel, i.e., fc and 1–fc. 
Equation 8 shall be corrected for the pixels combining 
more than two components. This analysis hypothesis 
is based on one pixel that only has two components: 
vegetation and soil.  

By changing Equation 8, the following expression 
can be obtained to calculate the VFC:  
 fc=(S–Ssoil)/(Sveg–Ssoil). (9) 
Where both Sveg and Ssoil are parameters, so VFC can 
be calculated based on the RS information by Equa-
tion 9. The reduction of the effect from atmosphere, 
soil background, and vegetation type is considered as 
one of the advantages of the dimidiate pixel model. 
RS information is generally influenced by these fac-
tors and removing these effects has been an urgent 
issue tackled by researchers. The dimidiate pixel 
model introduces Ssoil and Sveg to weaken the influ-
ences of these effects. Ssoil covers all information 
about the soil, such as type, color, brightness, and hu-
midity, among others. Sveg includes information about 
vegetation, such as type and structure, among others. 
Ssoil and Sveg are affected by gas and cover the related 
information for the RS database. The dimidiate pixel 
model is the linear extension based on Ssoil and Sveg to 
minimize the influences from atmosphere, soil back-
ground and vegetation type to RS information and to 
keep the information regarding VFC (Li et al., 2004; 
Niu et al., 2005).  
2.2.4  Estimating VFC by VBSI 
VBSI is a composite vegetation index after the linear 
combination of the object spectral information cor-
rected by the RS sensor. It reflects the quantitative 
value of the surface vegetation. The technical flow-
chart is given in Fig. 4. According to the dimidiate 
pixel model and by substituting VBSI into Equation 8, 
an approximate value can be obtained:  
 VBSI=fc×VBSIveg+(1–fc)×VBSIsoil. (10) 

That is, the VBSI value in each pixel can be re-
garded as the weighted average of the VBSI between 
areas covered and uncovered with vegetations, of 
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which the weighted value of the covered area is the 
VFC of the pixel, whereas that from the uncovered 
area is 1–fc. VBSIsoil is the VBSI value of bare soil or 
non-vegetation area in Equation 10, i.e. the VBSI 
value of non-vegetaion pixel. VBSIveg is the VBSI 
value of the pixel covered by vegetation, i.e. the VBSI 
value of pure vegetation pixel. By transforming Equa-
tion 9, the following expression can be obtained:  
 fc=(VBSI–VBSIsoil)/(VBSIveg–VBSIsoil). (11) 

According to the land cover classification, VBSIveg 
and VBSIsoil are substituted respectively by the maxi-
mum and the minimum cumulative percentage ranging 
from 0.5% to 99.5% (Li et al., 2009) within the confi-
dence interval to decrease the error and calculate the 
VFC in 1989, 2001, and 2006. 
2.2.5  Classification of VFC  
According to the Standards for Classification and 
Gradation of Soil Erosion (The Ministry of Water Re-
sources of the People’s Republic of China, 1996) is-
sued by the Ministry of Water Resources and the 
Technical Rules of Land Use Survey (The Ministry of 
Land and Resources of the People’s Republic of China, 
2007) and based on the ecological characteristics of 
oasis vegetation in arid regions, the VFC of the study 
area was divided into five levels (Cai et al., 2005), as 
in Table 1. Figure 5 is photograph of sampling. 

3  Results and discussion 
3.1  Estimation of results and accuracy of VFC 

The current paper used the band model in ENVI soft-
ware to directly implement Equation 11 for the calcu-
lation of VBSI and VFC. Finally, the raster drawing of 
the VFC in the oasis was produced (Fig. 6). 

The average VFCs in 1989, 2001, and 2006 in the 
study area are 40.17%, 38.9%, and 53.6%, respec-
tively. Considering the small time span of the sam-
pling and the strong practicability, a field survey was 

conducted to verify the result of the field measured 
value. In July 2006, GPS and digital camera (for pho-
tos taken vertically from the ground) were used to 
perform field sampling and to obtain the VFC of the 
sampling objects according to the judgment of experts. 
Visual estimation is not a stable method to measure 
the accuracy and credibility of VFC (Zhang et al., 
2001a, b). In practice, we selected 25 sampling points 
and combined the photographic method with the vis-
ual estimation method. Correlated analysis between 
mixed pixel of VFC results and measurement of VFC 
results showed that these different methods have high 
correlation (Fig. 7), and average relative error is 
16.48%. Finally, the general accuracy of the method 
was proven to be 83.52%, which means the dimidiate 
pixel model based on VBSI can meet the requirement 
of VFC observation in the study area. 

 

 
 

Fig. 4  The technical flowchart of this research 
 

Table 1  VFC grade and description 

VFC grade Type Description 

Level I Extremely low coverage VFC ranging less than 10%; extremely sandy desertified land and bare land 

Level II Low coverage VFC ranging from 10% to 30%; poor vegetation in the low-yield grassland, open forest land, and wasted 
land, among others 

Level III Moderate coverage VFC ranging from 30% to 50%; areas with moderate vegetation, such as moderate-yield grassland and 
forestland with low canopy density 

Level IV High coverage VFC ranging from 50% to 70%; areas with good vegetation, most of which are beach land, high-yield 
grassland, and forestland 

Level V Extremely high coverage VFC is more than 70%; such as dense woodland and extremely high-yield grassland 
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Fig. 5  Photograph of sampling (A is moderate vegetation coverage; B is extremely high vegetation coverage; C, D, G, E and H are 
extremely low vegetation coverage; F is low vegetation coverage; I and J are high vegetation coverage) 

 

 
 

Fig. 6  The vegetation coverage image in Weigan-Kuqa oasis in 
1989 (a), 2001(b) and 2006 (c) 

 
 

Fig. 7  Correlation analysis between measurement of VFC and 
mixed pixel of VFC 

 

By classifying the vegetation coverage map using 
the five VFC types (I–V in Table 2), the areas and 
changing rates of the levels can be observed (Table 2). 
The oasis is mostly in levels I and II, accounting for 
more than 1/2 of the total area. Up to 1/3 of the oasis 
is in levels III and IV. 

In the 1989–2001 period, Level II and III have the 
lowest and highest average annual change rate of 
–0.869% and +0.631%, respectively; Level I and IV 
vary between +0.42% and –0.2%, and Level V has the 
least variation for that period. Level I and III areas 
were 48.736×104 and 31.271×104 hm2 in 2001, a slight 
increase in 1989 when the areas were 42.144×104 and 
21.371×104 hm2, respectively. In the 2001–2006 pe-
riod, the highest and the lowest average annual  



96 JOURNAL OF ARID LAND 2013 Vol. 5 No. 1  

 

Table 2  Change of vegetation coverage of Weigan-Kuqa oasis in 1989, 2001 and 2006 

Year Index Water 
bodies 

Extremely low C 
Ⅰ 

Low C
Ⅱ 

Moderate C
Ⅲ 

High C 
Ⅳ 

Extremely high C
Ⅴ Total area

1989 Area (×104 hm2) 1.706 42.144 35.255 21.371 23.553 6.731 130.761
2001 Area (×104 hm2) 2.154 48.736 21.624 31.271 20.421 6.556 130.761
2006 Area (×104 hm2) 1.468 61.945 10.710 27.023 22.700 6.915 130.761

Area change (×104 hm2) 0.447 6.591 –13.631 9.900 –3.132 –0.175 — 
Change rate (%) 0.342 5.041 –10.425 7.571 –2.395 –0.134 — 1989–2001 
Average annual change rate (%) 0.029 0.420 –0.869 0.631 –0.200 –0.011 — 
Area change (×104 hm2) –0.685 13.209 –10.914 –4.248 2.279 0.359 — 
Change rate (%) –0.524 10.102 –8.347 –3.249 1.743 0.275 — 2001–2006 
Average annual change rate (%) –0.105 2.020 –1.669 –0.650 0.349 0.055 — 
Area change (×104 hm2) –0.238 19.801 –24.546 5.652 –0.853 0.184 — 
Change rate (%) –0.182 15.143 –18.771 4.322 –0.652 0.140 — 1989–2006 
Average annual change rate (%) –0.011 0.891 –1.104 0.254 –0.038 0.008 — 

Note: C means coverage; change rate=area change/total area; average annual change rate=change rate/T (T indicates monitoring period, e.g. 1989–2001 period; T is twelve). 
 

 

change rate are in Level I and II, showing 2.02% and 
–1.669%, respectively; and Level III and IV show 
–0.650% and 0.349%, respectively; Level V exhib-
ited a small change. The areas of Level IV and V 
exhibit a slight variation, from 20.421×104 and 
6.556×104 hm2 in 2001 to 22.7×104 and 6.915×104 

hm2 in 2006. From 1989–2006, the average annual 
change rate of Level I and II increase to 0.891% and 
decrease to 1.104%,  respectively, showing the 
highest average annual change during the period. The 
smallest change is with Level V, only 0.008%. Both 
Level I and III showed an increase in area, from 
42.144×104 and 21.371×104 hm2 in 1989 to 
61.945×104 and 27.023×104 hm2 in 2006, respec-
tively. The study showed that the condition of global 
ecological environment is worsening, although the 
local ecological environment is improving. 

3.2  Analysis of the dynamic change of VFC  

The spatial overlay technique was used to analyze 
the map of VFC levels in different periods, in order 
to measure the exact structure and variation of VFC 

in the study area. Finally, the transfer matrix of the 
five levels was obtained (Tables 3–5). 

Table 3 shows that all diagonal data were from the 
unchanged levels (excluding water bodies), covering 
64.71×104 hm2 and occupying 49.5% of the total area. 
Extremely low coverage was the main reason behind 
this condition, followed by low coverage. The de-
graded vegetation area (V→IV, V→III, V→II, V→I, 
IV→III, IV→II, IV→I, III→II, III→I, II→I) was 
27.37×104 hm2. The restoration area (I→II, I→III, 
I→IV, I→V, II→III, II→IV, II→V, III→IV, III→V, 
IV→V) was 36.02×104 hm2, which was about 1.3 
times that of the former. The current study has shown 
that during 1989 and 2001, the vegetation had been 
in a healthy variation.  

Table 4 shows an unchanged area of 72.76×104 hm2, 
which occupied 55.6% of the total area and was mostly 
due to extremely low coverage and some moderate cov-
erage. The restoration area was 32.37×104 hm2, about 1.4 
times that of the 22.90×104 hm2 degraded vegetation area, 
which also showed a healthy change during the period. 

 
Table 3  Transfer matrix of vegetation fractional coverage in Weigan-Kuqa oasis from 1989 to 2001 

1989 
2001 

Water bodies Extremely low C 
Ⅰ 

Low C 
Ⅱ 

Moderate C 
Ⅲ 

High C 
Ⅳ 

Extremely high C 
Ⅴ 

Water bodies 0.878 0.472 0.364 0.253 0.177 0.007 

Extremely low CⅠ 0.243 34.540 11.739 1.555 0.579 0.437 

Low C Ⅱ 0.228 3.965 10.572 4.734 1.936 0.173 

Moderate C III 0.277 2.316 7.899 9.477 10.173 1.114 

High C IV 0.072 0.592 3.525 4.340 8.306 3.583 

Extremely high C Ⅴ 0.009 0.186 1.153 1.013 2.385 1.810 
Note: C indicates vegetation fractional coverage; the unit of all values is ×104 hm2. 
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Table 4  Transfer matrix of vegetation fractional coverage in Weigan-Kuqa oasis from 2001 to 2006 

2001 
2006 

Water bodies Extremely low C 
Ⅰ 

Low C 
Ⅱ 

Moderate C 
Ⅲ 

High C 
Ⅳ 

Extremely high C 
Ⅴ 

Water bodies 0.919 0.294 0.121 0.116 0.016 0.002 
Extremely low CⅠ 0.639 42.575 12.145 5.988 0.513 0.060 
Low C Ⅱ 0.160 3.204 3.203 3.620 0.446 0.065 
Moderate C Ⅲ 0.329 1.984 4.551 14.032 5.200 0.927 
High C Ⅳ 0.086 0.580 1.380 6.390 10.856 3.408 
Extremely high C Ⅴ 0.012 0.083 0.216 1.121 3.389 2.094 

Note: the same as in Table 3. 
 

Table 5  Transfer matrix of vegetation fractional coverage in Weigan-Kuqa oasis from 1989 to 2006 

1989 
2006 

Water bodies Extremely low C 
Ⅰ 

Low C 
Ⅱ 

Moderate C 
Ⅲ 

High C 
Ⅳ 

Extremely high C 
Ⅴ 

Water bodies 0.692 0.330 0.234 0.148 0.063 0.001 
Extremely low CⅠ 0.498 36.540 18.737 4.538 1.525 0.088 
Low C Ⅱ 0.121 2.580 3.956 2.549 1.411 0.078 
Moderate C Ⅲ 0.259 1.629 6.635 7.919 9.330 1.247 
High C Ⅳ 0.112 0.851 4.352 4.936 8.653 3.795 
Extremely high C Ⅴ 0.016 0.191 1.336 1.281 2.569 1.523 

Note: the same as in Table 3. 
 

Table 5 shows that due to extremely low and high 
coverage, the unchanged area was 58.59×104 hm2, 
covering 44.8% of the total area. The degraded vege-
tation area was 26.36×104 hm2, whereas the restora-
tion area was 43.30×104 hm2, which is approximately 
1.6 times higher. This observation means that from 
1989 to 2006, the measures to restore vegetation have 
been successful.  

The spatial and temporal changes of the vegetation 
and land use and land coverage for the years of 1989, 
2001, and 2006 are shown in Fig. 8. The farmland, 
forest, grassland, and gardens have very similar bor-
derlines in Fig. 8a and the only differences among 
these land uses are the degrees of fragmentation and 
evenness and their spatial variations and changes. The 
predominant desertification (extremely low coverage 
area) occurs in the northeast and southwest of the 
Weigan-Kuqa oasis as shown in Fig. 8b for 1989, 
2001, and 2006. Fig. 8c shows that the low and mod-
erate coverage are mainly distributed in the ecotone 
and a small number of them are scattered at the pe-
riphery of the oasis for 1989, 2001, and 2006. 

3.3  Driving forces of VFC variation 

After in-depth theoretical studies and field survey, the 
study argues that the variations of VFC are mainly 
driven by climate and human factors. 

 
 

Fig. 8  Extraction borderline of vegetation fractional coverage 
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3.3.1  Climate factor 
The relationship between vegetation coverage varia-
tion and climate change at the global scale has been 
studied by researchers (Yang et al., 2010; Li and Liu, 
2012; Liu et al., 2012; Wang et al., 2012). It was 
found that vegetation index and climatic variables (for 
example, precipitation, temperature and evaporation) 
have a good correlation. The climate condition of the 
study area is shown in Fig. 9. The precipitation in arid 
and semi-arid regions is a limitation to vegetation 
growth, and precipitation is essential to the spatial 
distribution of vegetation. The oasis is located in the 
south of Tianshan Mountains and the north of the 
Tarim Basin. The terrain is from south to north, sur-
rounded by desert and gobi, thereby forming an ex-
tremely dry environment. Under global climate 
change, the oasis is becoming warmer and drier, 
which will intensify soil moisture evaporation and 
vegetation transpiration in the area. Although the pre-
cipitation and evaporation showed a downward trend 
from 1976 to 2007, the temperature showed an obvi-
ous upward trend form 1976 to 2007. Li and Tao 
(2000) found that the impact of temperature on vege-
tation exceeds precipitation in most areas of China, 
causing the runoff of the rivers to increase, such as the 

annual runoff of Weigan river, which increased from 
21.86×108 m3 in 1998 to 24.02×108 m3 in 2008 (Tang 
et al., 2012 ). All of these could lead to an increase in 
vegetation coverage to a certain extent. 
3.3.2  Human factor 
In 1989, a total of 0.61 million people lived in the 
study area, and in 2001, the population was 0.73 mil-
lion. During the twelve years, the population increased 
by 0.12 million, with a total growth of 16.44% and an 
annual growth rate of 1.37%. In 2006, the total popu-
lation of study area was 0.8 million, increased by 
8.75% compared with 2001, and the annual growth 
rate is 1.75%. Along with the increase of the popula-
tion, the land utilization has also increased. Compared 
with natural conditions, human activities is a more 
dominant factor. Human activities, such as agriculture 
production and ecological construction, significantly 
drove the improvement of vegetation coverage. Re-
cently, ecological effects have been achieved due to 
some large-scale ecological projects, such as natural 
forest protection, plain greening, grassland improve-
ment, and ecological management of the Tarim River. 
In addition, driven by economic benefits in the recent 
years, cotton production has been increasing. Thus, 

 

 

 
 

Fig. 9  The temperature, precipitation, evaporation and relative humidity of Weigan-Kuqa river oasis from 1976 to 2007 
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some natural oases and wastelands have turned into 
cotton fields. In 1989, the irrigation area of the oases 
in Weigan-Kuqa river basin was 11×104 hm2, and it 
increased to 15×104 hm2 in 2006, which slightly in-
creased the vegetation coverage. The extremely high 
vegetation coverage is closely related to the local 
government management, i.e. controlling and pre-
venting desertification, and planting trees in the 
ecotone between oasis and desert, all of which has 
helped to improve vegetation coverage and the eco-
logical environment. 

From the map of VFC levels in 1989, 2001, and 
2006 and the analyses above, it was found that the 
VFC in the study area showed an increasing trend in 
the 17 years. Level V area increased because the im-
provement of the vegetation growth. With the devel-
opment of social economy, people became increas-
ingly aware of the importance of environmental pro-
tection, ecological construction, and sustainable de-
velopment, and took measures to restore forestland or 
grassland. Therefore, Levels III and V areas showed 
slight increases, implying that the ecological projects 
in the Tarim River Basin have been successful in some 
areas. However, the increase of level I area was 
mainly caused by ecological water use. 

4  Conclusions 

After a quantitative research for the 17-year variation 
of VFC in the delta oasis of Weigan and Kuqa rivers 
by Landsat TM/ETM+ images in 1989, 2001, and 
2006, and by dynamically analyzing the variation, the 
paper concludes the following:  

1) The methods for calculating VFC based on 
Landsat TM/ETM+ images, GIS technology, and FCD 
models can greatly save manpower, physical resources, 
and time because they do not require large-scale field 
sampling. The results of the study have shown a gen-
eral accuracy of 83.52% of the VFC obtained by 
mixed pixel method based on the VBSI index. There-
fore, the methods can meet the observation require-
ment of the VFC in the study area, and has a good 
potential for remote sensing monitoring of VFC.  

2) The oasis has shown a big variation in VFC. The 
average VFC increased from 40.17% in 1989 to 
53.6% in 2006 mainly due to the increase of tempera-

ture, annual runoff, population as well as improved 
land utilization. 

3) The spatial distribution of VFC indicated that the 
oasis is mostly occupied by level I and II, amounting 
for more than 1/2 of the total area. Up to 1/3 of the 
oasis is occupied by level III and IV. From 1989–2006, 
levels I and II average annual change rates increased 
to 0.891% and decreased to 1.104%, respectively, 
showing the largest average annual change during the 
period. The smallest change is with level V, with only 
a variation of 0.008%. Both level I and III showed an 
increase in area, from 42.144×104 and 21.371×104 hm2 

in 1989 to 61.945×104 and 27.023×104 hm2 in 2006, 
respectively.  

4) VFC, an important factor of water and soil loss 
and landscape patterns, is significant for the protection 
and sustainable development of the ecological envi-
ronment. The use of the “3S” method (remote sensing, 
geography information systems, and global position-
ing systems) to correctly provide credible data for 
other studies will be the focus of VFC research in the 
future. 
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