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Abstract The objective of this study is to develop techniques for assessing and analyzing sand desertification in the
northern part of Shaanxi Province, China. In order to reveal the process of land degradation, especially the latest
situation of sandy desertification, a method integrating remote sensing, Geographic Information System (GIS) and
field survey was employed to build a sandy desertification dataset for analysis. Remote Sensing images included the
+

Landsat Thematic Mapper (TM) images in 1987 and Landsat Enhanced Thematic Mapper Plus ( ETM ) images in
1999). Eight land- cover classes, including active sand dunes, fixed sand dunes, semi-fixed sand dunes, grass land,
farm land, wet land, built up area and unused land and Normalized Difference Vegetation Index (NDVI), were
identified.Results showed that the active sand dunes and semi-fixed sand dunes have increased with a change rate of
128.70 km2.yr-1 and 55.65 km2.yr-1, respectively, in the meantime the fixed sand dunes has decreased with a
decreasing rate of 182.14 km2.yr-1. During the 1987s, the area of sandy desertified land reached 12,006.11 km2
(57.17% of the total sandy area), of which severely desertified, medium desertified, and slightly desertified land
areas were 4,442.23, 4,253.45and 3,310.43 km2, respectively. By the year 1999, the area of desertified land was
increased to 13,782.30 km2 (65.63% of the total sandy area), of which severely desertified, medium desertified, and
slightly desertified land areas were 5,169.89, 4,918.15and 3,694.26 km2, respectively increasing by 1,776.19 km2.
Spatial change detection based on active sand dunes showed that the expansion area was much larger than the
reversion in the past two decades, and that several active sand belts has been formed, suggesting that sandy
desertification of northern part of Shaanxi Province, China, will be a long-term task.
[Journal of American Science 2010;6(2):46-53]. (ISSN: 1545-1003).
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sandy desertification (Zhu et al ,1994.Chen et al, 2005).
Therefore, the sandy desertification assessment and
monitoring are always concerned by researchers, the
public and the policy-makers.
Desert and sandy decertified land occupy about 1.67
million km2, or 17% of the total land area of China
(Wang, 2003). Decertified sandy land increased by
25,200 km for the period from 1975 to 1987 about
40.5% of which was distributed in the semi-arid
agro-pastoral regions of northern China (Zhu and Wang,
1993).
The objective of this study is to develop techniques
for assessing and analyzing sand desertification in the
northern part of Shaanxi Province, China, in the past
decades. A method of integrating remote sensing (RS),
geographic information system (GIS) and field survey
was employed to generate a sandy desertification
dataset of this region. Then change detection and land
degradation process were performed based on the
dataset. This study intends to provide useful information

1. Introduction
The term “desertification” should be used side by
side with the term “land degradation”. Hence
“desertification” in the context of assessment is land
degradation in arid; semi-arid; and sub-humid areas
resulting from adverse human impact. According to the
United Nations Conference on Environment and
Development (UNCED, 1992), defines desertification
as “land degradation in arid, semi-arid and dry
sub-humid areas resulting from various factors
including climatic variations and human activities.
Sandy desertification is one of the main form of land
degradation in China, especially in northern China
(Wang, 2001), which has kept expanding since the
1950’s and has exerted severe impacts on regional
socio-economic development and environmental
security (Wang, 2006) .Harsh physiographic conditions
(sparse vegetation coverage, sandy soil and water
deficiency), irrational land-use practice and population
augmentation are regarded as the forces of triggering
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for sandy desertification controlling and environmental
management of the northern part of Shaanxi Province,
China.

The elevation is between 1000 and 1907 m a.s.l (Song l
(Song and Chen ，1991).
3. Material and Methods
3.1 Data sources

2. Study area
The study area, located in the northern part of
Shaanxi province, lies within longitude 108 33 to 111 24
E and from 36 97 to 39 58 N with total area of 29416.6
km2, accounting for 18.6% of the total Shaanxi province
(Figure 1).In order to study the development of sandy
desertification, the counties of Dingbian, Jingbian,
Hengshan, Yulin, and Shenmu have been selected as
study area. Counties are situated in the northern part of
Shaanxi province. Geographically, the study area is
located in the transitional zone, in south and east of Mu
Su Desert (Inner Mongolia) and the Loess Plateau of
northern Shaanxi province in China. This area has
atypical continental semi-arid climate .Annual
precipitation ranges from 440 mm in the south-east to
250 mm in the north-west, of which 60-80% is
concentrated in the period from June to August. The
annual mean temperature is about 6.0-8.5, with monthly
mean temperature of 22 in July and -11 in January
(Department of Geography of Peking University,
1983) .The main prevailing wind is north-westerly, with
a speed of more than 5 ms-1 on over 200 days of the year.

Satellite remote sensing, in conjunction with
geographic information system (GIS), has been widely
applied and been recognized as a powerful and effective
tool in detecting landscape change (Liu et al ., 2003; Li,
1996; Cai, 2001 ; Paul et al., 1992; Allen S Hope and
Douglas A Stow, 1993; Anthony Gar-On Yeh and
Li ,1999). Four kinds of data were used in this study,
i.e., socioeconomic data, topographic data, remote
sensing data, and ancillary data. Socioeconomic data
were the annual statistical data released by the National
Bureau of Statistics. The data published in 1986 and
2001 were acquired. All data were amalgamated to the
county level. Tow topographic maps had a scale of 1:
100,000 and 1: 50,000, respectively. The remote sensing
data are landsat TM images record in 1987 and
1999.Two types of ancillary data were used, a
vegetation map at a scale of 1: 500,000(Lei, 1999),and a
current land use map supplied Yulin Land and
Resources Bureau(2000).

Figure 1. General location map of study area.
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which can separate vegetation information and
non-vegetation information from the research land cover.
That is: if NDVI> 0.05, the area was considered as
vegetation; instead, considered as no vegetation
information.
The land desertification monitoring was performed
and implemented in the GIS. Through the GIS, land
desertification maps can be produced and this method
can monitor areas prone to land desertification using
spatial patterns from land cover classes, NDVI and main
prevailing wind direction.
The correlation between NDVI and vegetation cover
percentage, the selection of potential desertification
areas where the vegetation cover (e.g., usually
grasslands and farmlands) less than 30%, the
classification of potential areas based on their position
in relation to the main prevailing wind direction, and the
production of land desertification areas and then the
identification of land desertification changes with time.
NDVI is a greenness index and an argument can be
made that greenness and vegetation cover are correlated.
The vegetation cover is a primary indicator of land
desertification. Before the data modelling, NDVI was
density sliced. We defined that if NDVI was less than
0.078, vegetation cover percentage was less than15%; if
NDVI was between 0.079 and 0.102, vegetation cover
percentage was between 15–30%; If NDVI was between
0.103 and 0.138, vegetation cover was between
30–50%.
The NDVI and vegetation cover classification
criteria were defined as follows: NDVI<0.079 and
vegetation cover <15% as active sandy land and it is
severe desertified, NDVI=0.079–0.102 and vegetation
cover=15–30% as semi-fixed sandy land and it is
medium desertified, and NDVI=0.103–0.138 and
vegetation cover=30–50% as fixed sandy land and it is
slightly desertified (Table 1). This NDVI classification
was calibrated by field work and was also supported by
previous studies (Guo 1990; van Genderen et al.
1993;Guo 1994; Zhang 1994).
The image pattern, tone and texture were considered
to classify the land types of sandy desertification. The
following four types were mapped:

3.2 Data and Pre-processing
Remote Sensing images used in this study include
the Landsat-5 Thematic Mapper (TM) image, and
+
Landsat-7 Enhanced Thematic Mapper Plus ( ETM )
image, which were acquired in 24 October 1987 and 15
October 1999, respectively, the pre-processing of this
dataset included geometric corrections .All images were
geometrically corrected not only to eliminate geometric
distortions present in the images but also to register the
satellite images to ground data.. The nearest-neighbor
resampling method was used in datum WGS 84 and
projection UTM (49N) all images resampled to a 30 m
pixel grid. In order to remove or normalize the
reflectance variation between images acquired at
different times, relative radiometric correction was
performed to yield normalize radiometric data on a
common scale (Paolini et al.,2006).Here, the histogram
normalization, a simpler and more effective technique,
was used to carry out the relative radiometric correction
(Ding et al.,2005).
3.3 Determination of NDVI threshold
The Vegetation index can reflect a series of physics
quantity of he plants, such as index of leaf's area, plant
overlays degree, amount of living creature and plant
category (Qingjiu et al., 1998). The index of vegetation
contain many different expression methods, among
them NDVI is applied in the fixed amount research of
plant overlays. Therefore TM data were used to produce
Normalize Difference Vegetation Index (Kidwell 1990;
Dall’Olmo et al. 2002 ; Rouse et al .1974), which is
defined as:
NDVI = (TM4-TM3)/ (TM4+TM3)
Where TM4 and TM3 are channels in the near
infrared(NIR) and the red(R) wavelength of landsat TM
data, respectively, was applied for monitoring
vegetation changes in the study area within the year
1987 and 1999.
Determining the threshold of NDVI is the first step
in extraction of sand desertification. Then we can use
the threshold to separate vegetation information and
non-vegetation information from land cover. Through
comparative analysis of the NDVI images and the
research area, select NDVI = 0.05 as the threshold,
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1. Land severely aected by sandy desertification.
This is characterized by a grayish bright color, and
represent mobile sandy dunes with sickle-like shapes
and high undulation which has <15% vegetation cover.
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an important role in controlling sandy desertification,
this mainly happened in the study area as we can see in
the rapidly increasing of farmland from 2017.98 km2
(6.86%) in 1987 to 3697.67 km2 (12.57%) in 1999 of
the total area, on the other hand we can see the
decreasing of grassland from 4244.82 km2 (14.43%) in
1987 to 2541.60 km2 (8.64%) in 1999 of the total area
of the study area. Although land desertification has been
to some extent controlled in the study area, the issue is
still serious.

The active sand dunes are widespread, covering up to
50–70% of the total area of sandy land. The inter-dune
areas are characterized by wind erosion and sand
covering.
2. Land showing a medium amount of sandy
desertification. This type of sandy land has a gray or
grayish red color and exhibits semi-fixed sand dunes
with a wave-like shape. The vegetation cover varies
from 15 to 30%. The shifting sand is widespread and
there are visible patches of wind erosion in farmland
and grassland.
3. Land slightly aected by desertification. Grayish
green and grayish red in color, it refers to fixed dunes
with little shifting sand and has a vegetation cover of
30–50%
4. Land unaected by desertification. This has a
uniforml saturated red color, and has no patches of
shifting sand and a vegetation cover of more than 50%.
4. Results and discussion
4.1 Landscape change
Generally speaking, from the 1987s to the 1999s,
there was a remarkable ecological change occurred in
the study area sandy land during the study period
(twelve years). The sandland landscape changed
significantly and desertified land has expanded
rapidly .From 1987 to 1999, the fixed sand dunes,
which, covered (9669.24 km2; 32.87%) of the total area
in 1987, sharply shrank to 7483.58 km2 (25.44%) in
1999 with a decreasing rate of 182.14 km2.yr-1.The
semi-fixed sand dunes, however, increased from
4121.27 km2 (14.01%) in 1987 to 4789.02 km2 (16.28%)
in 1999 with a growth rate of 55.65 km2.yr-1.The
active sand dunes ,following the same trend as the
semi-fixed sand dunes, increased from 5674.46 km2
(19.29%) in 1987 to 7218.83 km2 (24.54%) in 1999
with a change rate of 128.70 km2.yr-1.The grasslands
decreased from 4244.82 km2 (14.43%) in 1987 to
2541.60 km2 (8.64%) in 1999 with a decreasing rate of
141.94 km2.yr-1,while the farmlands, increased rapidly
from 1723.81 km2 (5.86%) in 1987 to 3403.50 km2
(11.57%) in 1999 with a growth rate of change 139.97
km2.yr-1.The built up area increased from 1106.05 km2
(3.76) in 1987 to 1741.46 km2 (5.92)in 1999 ,while the
unused land decreased from 2100.35 km2 (7.14) in 1987
to 1582.61 km2 (5.38) in 1999 ,whereas wetlands had
kept with no changed mentioned during the study period.
(Table 2 and Figures 2, 3, and 4). Policies have played
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4.2 Severity of sandy desertification
The sandy desertification land in the study area
during the two different time intervals is indicated in
Fig.5.During the 1987s, the area of sandy desertified
land reached 12,006.11 km2 (57.17% of the total sandy
area), of which severely desertified, medium desertified,
and slightly desertified land areas were 4,442.23,
4,253.45and 3,310.43 km2 , respectively. By the year
1999, the area of desertified land was increased to
13,782.30 km2 (65.63% of the total sandy area), of
which severely desertified, medium desertified, and
slightly desertified land areas were 5,169.89,
4,918.15and 3,694.26 km2, respectively increasing by
1,776.19 km2. The statistics indicate that the unchanged
region for the type of sandy desertification in 1987
reached 8,993.89 km2, accounting for 42.83% of the
sandy area. While in 1999 it was reached 7,217.70 km2,
accounting for 34.37% of the sandy area. It is indicated
by the above data that the land desertification process
was not steady and showed a trend of developing. The
developed region of sandy desertification was directed
mainly from the northwest towards the southeast,
especially in the desert-adjacent areas.
4.3 Spatial imbalance of sandy desertification
Table 3 shows the spatial imbalance of sandy
desertification during the 12 years from 1987 to 1999.
The regions with serious sandy desertification are in
northwestern parts whereas those slightly influenced by
desertification are in the southeastern parts belonging to
loess hills. This imbalance of spatial distribution varied
little during the 12-year study period, and could be
accounted for by the difference of physical factors and
by the diversity of land-use practices. Compared to the
southeast, the northwest, which is closer to the inner
part of the MU US Desert, mainly under the influence of
wind erosion and eolian accumulation, has an abundant
sand source.
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Figure 3: Landscape of the study area in 1999

Figure 2: Landscape of the study area in 1987

Table 1: Extent of desertification hierarchical list in the study area
Desertification type
Vegetation
NDVI
Classification criteria
coverage
Slight desertification 30–50%
0.103–.138
No obvious blown sand activities and land
surface is covered by fixed or semi-fixed
sand dunes
Medium
desertification

15–30%

0.079–.102

Severe desertification

<15%

<0.079

Blown sand activities are controlled
significantly, and sand movement ripples
exist on sand dunes
Gobi, sand dunes and sand land denuded
interdunes, denuded dune residuals, , clay
mounds and wind blowouts.

Table 2: Change rate of the 6 landscape patterns from 1987 to 1999
Land cover type

1987

Fixed sand dunes
Semi‐fixed sand dunes
Active sand dunes
Grasslands
Farmlands
Wetlands
Built up area
Unused land
Total

(km2)
9669.24
4121.27
5674.46
4244.82
1723.81
776.60
1106.05
2100.35
29416.60
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1999

(%)
32.87
14.01
19.29
14.43
5.86
2.64
3.76
7.14
100%

1987‐1999

(km2)
7483.58
4789.02
7218.83
2541.60
3403.50
655.10
1741.46
1582.61
29416.60

50

(%)
25.44
16.28
24.54
8.64
11.57
2.23
5.92
5.38
100%

(km2)
2185.66
‐667.75
‐1544.37
1703.22
‐1679.69
121.50
‐635.41
517.74

(%)
7.43
‐2.27
‐5.25
5.79
‐5.71
0.41
‐2.16
1.76
Total

Change rate
(+Gain,‐Loss)
1987‐1999
(km2.yr‐1)
‐182.14
+55.65
+128.70
‐141.94
+139.97
‐10.125
+52.95
+43.15
29416.60
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.
Figure 4: Area percentage of the eight landscape patterns in 1987 and 1999

Figure 5: Area of desertified land

year

1987
1999

Table 3: Desertified land area during the study period
Severe desertification
Medium
Slight desertification
desertification
(km2)
4,442.23
5,169.89

(%)
36.99
37.51

(km2)
4,253.45
4,918.15

(%)
35.43
35.68

(%)
27.57
26.80

(km2)
8,993.89
7,217.70

(%)
42.83
34.37

sandy area), of which severely desertified, medium
desertified, and slightly desertified land areas were
4,442.23, 4,253.45and 3,310.43 km2, respectively. By

5. Conclusions
During the 1987s, the area of sandy desertified
land reached 12,006.11 km2 (57.17% of the total

http://www.americanscience.org

(km2)
3,310.43
3,694.26

Land unaffected by
desertification
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the year 1999, the area of desertified land was
increased to 13,782.30 km2 (65.63% of the total
sandy area), of which severely desertified, medium
desertified, and slightly desertified land areas were
5,169.89, 4,918.15and 3,694.26 km2, respectively
increasing by 1,776.19 km2. The statistics indicate
that the unchanged region for the type of sandy
desertification in 1987 reached 8,993.89 km2,
accounting for 42.83% of the sandy area. While in
1999 it was reached 7,217.70 km2, accounting for
34.37% of the sandy area.
The results also demonstrate that land cover
changes during the past twelve years have been
caused by land desertification on farmland and
grassland in the area. Such changes may not only
include the development of land desertification, but
also explain the causes of land desertification in the
study area due to over-exploitation and inappropriate
land use, as well as by the invasion of wind-blown
sand.
We can conclude from the results that the sandy
desertification process of the northern part of Shaanxi
Province, China, during the study period (twelve
years) was a severe sandy desertification,
characterized by the fixed sand dunes decreasing at a
high speed, and the semi-fixed and active sand dunes
increasing remarkably. In most of the sand land,
desertification has developed rabidly, while
rehabilitation of vegetation has occurred only in
marginal areas in the east and south.
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