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Abstract: Sandy desertification is now the main ecological problem in the Otindag Sandy Land. In order to reveal the process of

land degradation, especially the latest situation of sandy desertification, a method integrating remote sensing, Geographic Informa-
tion System (GIS) and field survey was employed to build a sandy desertification dataset for analysis. Remote sensing images in-
cluded the Landsat Thematic Mapper (TM) image in 1987, the Enhanced Thematic Mapper Plus (ETM") image in 2000, and the
image with the Charge-Coupled Device Camera (CCD) on the China-Brazil Earth Resources Satellite (CBERS) in 2006. Five
land-cover classes, including active sand dunes, fixed sand dunes, semi-fixed sand dunes, inter-dune grassland and wetlands, were
identified. Results showed that the Otindag Sandy Land has been suffering sandy desertification since 1987 with 2 different deserti-
fied stages. The first stage from 1987 to 2000 was a severe sandy desertification period, characterized by the fixed sand dunes de-
creasing at a high speed, and the semi-fixed and active sand dunes increasing remarkably. The second stage spanned from 2000 to
2006 and the sandy desertification was weakened greatly. Although a large area of fixed sand dunes were transformed to other types,
fixed sand dunes were still the dominant type in the Ointdag region at 2006. Spatial change detection based on active sand dunes

showed that the expansion area was much larger than the reversion area in the past two decades, and that several active sand belts

had been formed, suggesting that sandy desertification controlling of the Otindag Sandy Land will be a long-term task.
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Sandy desertification is one of the main forms of land deg-
radation in China, especially in northern China'!, which has
kept expanding since the 1950’s and has exerted severe im-
pacts on regional socio-economic development and environ-
mental security’”. Harsh physiographic conditions (sparse
vegetation coverage, sandy soil and water deficiency), irra-
tional land-use practice and population augmentation are re-
garded as the forces of triggering sandy desertification*.
Therefore, the sandy desertification assessment and monitor-
ing are always concerned by researchers, the public and the
policy-makers.

The Otindag Sandy Land, one of the 4 largest sandy lands
in China, has suffered severe sandy desertification in the past
decades®*®!. The degraded land augmented 492 km®/a from
the 1950s to the mid-1970s, 205 km?/a from the mid-1970s to
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the mid-1990s, and 2015 km*/a from the mid-1990s to 2000
This region has been thought as a source of sandy dust
storm'”*. Therefore, it is quite necessary to monitor the sandy
desertification of this region.

The major objective of this study is to assess the sandy de-
sertification process of the Otindag Sandy Land in the past
decades. A method of integrating remote sensing, 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 per-
formed based on the dataset. This study intends to provide
useful information for sandy desertification controlling and
environmental management of the Otindag area.

1 Studyarea
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The Otindag Sandy Land (42°10'—-43°50'N, 112°10-116°
30'E) is located in the southeastern part of Inner Mongolia'
(Fig. 1), which is about 340 km in length from east to west
and 30-100 km in width. The elevation varies between 1400
m and 1100 m and the topography declines from southeast to
northwest. The climate is of temperate continental semi-arid
type with strong wind and less precipitation in winter and
spring. Annual average precipitation, mainly occurring in
summer and fall with some inter-annual fluctuation, is nearly
400 mm in the southeastern part and below 200 mm in the
northwest part'™'"!. The dominant vegetation is Stipa grandis
and Leymus chinensis steppe. However, because of sandy sub-
strate, the Otindag Sandy Land possesses a high degree of
biodiversity and spatial heterogeneity. The notable landscape
is of open forest steppe dominated by Ulmus pumilal'>.

2 Data and methods

2.1 Data and pre-processing

Remote sensing images used in this study include the Land-
sat5 Thematic Mapper (TM) image, the Landsat7 Enhanced
Thematic Mapper Plus (ETM") image, and the image with the
Charge-Coupled Device Camera (CCD) on the China- Brazil
Earth Resources Satellite (CBERS), which were acquired in
1987, 2000 and 2006, respectively (Table 1). The ETM" im-
ages were acquired eventually in 1999, 2000 and 2001, here-
after named as the 2000 data. The CBERS was jointly devel-
oped by China and Brazil since 1988, who planned to launch a
series of satellites used for resources and environmental
monitoring. Two satellites (CBERS-1,2) were launched in
October of 1999 (CBERS-1) and 2003 (CBERS- 2), respec-
tively. CCD is one of the 3 sensors loaded on CBERS, which
has a nadir spatial resolution of 19.5 m, swath width of 113
km and 5 spectral bands including blue (0.45— 0.52 pum),
green (0.52-0.59 um), red (0.63—0.69 um), near infrared (0.77
—0.89 um) and panchromatic band (0.51-0.73 pm). More in-
formation can be found at the website of the China Center for
Resources Satellite Data and Applications (CRESDA) at
http://www.cresda.com.cn/. All these data have been proc-
essed to level 2 by a data supply agency, namely, systematic
geometric correction and radiometric calibration were per-
formed. Here, they are geo-referenced to the Albers Equal-
area Conic coordinate system by using ground control points
(GCP) based on 1:100000 scale topographic maps, and the
root mean square error was less than one pixel.

In order to remove or normalize the reflectance variation
between images acquired at different times, relative radiomet-
ric correction was performed to yield normalized radiometric

3] Here, the histogram normalization,

data on a common scale
a simpler and more effective technique, was used to carry out
the relative radiometric correction'!. As for the Landsat im-
ages, the 2000 data were used for master images to correct

those in 1987, whereas the CCD data were calibrated among
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Fig. 1 Location of the Otindag Sandy Land

Table 1 Characteristics of remote sensing images used in this
study

Acquired time

Scene’s ID (Path/row) Sensor type

(year/month/day)
123/30 1987/09/10 ™
2001/07/06 ETM"
124/30 1987/07/31 ™
2000/07/10 ETM"
125/30 1987/10/27 ™
1999/07/23 ETM"
126/30 1987/06/27 ™
1999/09/24 ETM"
001/051,052,053 2006/09/06 CCD
002/051,052 2006/07/13 CCD
003/051,052 2006/08/31 CCD
004/051,052 2006/09/23 CCD
005/051,052 2006/07/30 CCD
006/051,052 2006/07/27 CCD

paths, and the 003 path, which had the best quality through
visual inspection, was used to match with the others. The near
infrared, red and green bands were superimposed into false-
color images for different scenes in the same path, which were
set together, and then path-to-path histogram normalization
was performed.
2.2 Spectral transformation of Landsat images

Spectral transformation can reduce multi-spectral data vol-
ume with minimal information loss and generate a new image
which loads main information of original data. It is an effec-
tive technique in improving classification accuracy and change
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detection!'”. The Tasseled Cap transformation, also called as
K-T transformation and originally applied to the Landsat Mul-
tispectral Scanner (MSS) data, is a principal component
analysis technique, which linearly transforms multi-spectral
data and creates 3 uncorrelated bands: Brightness (B), Green-
ness (G) and Wetness (W)[IS’”]. The Tasseled Cap transforma-
tion is scene independent and has fixed coefficients, and
therefore the multi-date TM and ETM' data can be trans-
formed through this technique and the results are comparable
over time. The BGW bands are directly related to specific
physical attributes and can be easily interpreted. Brightness
can be interpreted as change in total reflectance or albedo at
the surface, and is mainly driven by soil reflectance variations;
Greenness measures the contrast between visible bands and
near infrared band, and has a close correlation with vegetation
coverage, just like the vegetation index; Wetness is sensitive
to soil and plant moisture!'”’. After transformation, the BGW
bands were combined into a new image.

2.3 Generating sandy desertification dataset

2.3.1 Class definition

Vegetation coverage is the most remarkable symbol to re-
flect sandy desertification situation. Several land cover types
were identified according to vegetation coverage; meanwhile,
species composition and structure of plant community were
also considered. They are active sand dunes, fixed sand dunes
and semi-fixed sand dunes, which not only reflect ecological
conditions that are important to environment management and
resource utility but are also distinguishable in remote sensing
images. Active sand dunes, the most severely degraded type,
are dominated by psammophytes and annual pioneer plants
with high surface reflectance and lower greenness on images,
and vegetation coverage is less than 20%. Semi-fixed sand
dunes, a transitional type, have vegetation coverage from 20%
to 50%, and are transformed from fixed sand dunes or active
sand dunes. Fixed sand dunes have dense vegetation with
coverage more than 50% and a high biodiversity, with high
greenness and low brightness on images. In addition, 2 other
classes, wetlands and inter-dune grassland, are also identified.
Inter-dune grassland, mainly distributed in the eastern part of
the Otindag Sandy Land, occurs in flat, undulated plains be-
tween sand dunes and has high resistance to disturbance. In-
ter-dune grassland can be used as mowing pasture and can be
cultivated. Wetlands, including water body, swamp and dense
bushwood, are water source for livestock and shelters for wild
animals. Characteristics of the 5 classes were determined by
field survey and remote sensing images.

Field work was carried out in July 2001 and August 2006,
and data of 121 and 209 sample sites were collected, respec-
tively. At each site, the structure and species composition of
plant communities, projected vegetation coverage, and soil
features were recorded; meanwhile, the location was posi-
tioned by the portable Global Positioning System (GPS) re-

ceiver. These sample points covered the entire Otindag Sandy
Land and were digitized into the images according to their
geographic position.
2.3.2 Supervised classification and dataset building

Training pixels were selected for each class on images, and
the maximum likelihood classification was carried out in
ERDAS IMAGINES.7 to derive the thematic maps of 1987,
2000 and 2006. After the post-classification process, the ac-
curacy assessment was performed. The 2000 and 2006 classi-
fied maps were assessed by field survey data, all the points
were employed to evaluate classification accuracy, i.e., 121
points in 2000 and 209 points in 2006. Error matrix was de-
rived and the overall accuracy reached 89.25% and 92.34%,
respectively. Because no appropriate reference data were avail-
able for assessing 1987 classified map, we used the 2000 clas-
sified map as reference data to evaluate 1987 classified map.
150 points were randomly selected, and the overall accuracy
was 87.33%, indicating that all the maps were acceptable!'®.

The 3 classification maps were subset to the boundary of
the Otindag Sandy Land which was delimited by experts in
aeolian landform according to remote sensing images in 2000,
and then these classified raster maps were converted to maps
of ArcGIS vector format. The patches of different classes in
classified maps were represented as polygons in ArcGIS
which were enclosed by a group of lines connected with each
other. Visual inspection was conducted through superimposing
the field survey points, remote sensing images and vector
sandy desertification data together to correct some misclassi-
fied classes, and then sandy desertification dataset was built
up (Fig. 2).
2.4 Change detection

In order to reveal the sandy desertification process in the
Otindag area, change detection was carried out based on ac-
tive sand dunes in 1987, 2000 and 2006 because the active
sand dunes can be used as an indicator of sandy desertification
situation. At first, 5 classes were regrouped into active sand
dunes and non-active sand dunes, and then the dataset was
converted into ArcGIS raster format—GRID with coded bi-
nary values 0 (non-active sand dunes) and 1 (active sand
dunes). The pixel size is 30 m. The binary GRIDs of 1987,
2000 and 2006 were combined together to generate a new
GRID with 2° different outcomes including 000, 010, 100, 110,
011, 001, 101 and 111 (Fig. 3). The figure per outcome was
arranged in the time order. For example, 101 indicates that a
pixel was active sand dunes in 1987, non-active sand dunes in
2000 and returned to active sand dunes in 2006. So every
outcome implied one kind of change trajectory of active sand
dunes.

According to the change trajectory of active sand dunes, the
8 outcomes were grouped into 4 classes named as inactivation,
reversion, deterioration and no change. The inactivation type,
including 000, meant that pixels kept non-active sand dunes
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Fig.2 Maps of sandy desertification in the Otindag Sandy Land in 1987, 2000 and 2006

from 1987 to 2006. Reversion type, including 010, 100 and
110, implied that pixels were active sand dunes in 1987 or
2000, and converted to non-active sand dunes in 2006. Dete-
rioration type, containing 011, 001 and 101, was just opposite
to the reversion type, which meant that pixels belonged to
non-active sand dunes in 1987 or 2000, and transformed to
active sand dunes in 2006. No change class, including 111,

meant that pixels retained active sand dunes from 1987 to
2006.

3 Results

3.1 Sandy desertification processes
Remarkable ecological change occurred in the Otindag



LIU Haijiang et al. / Acta Ecologica Sinica, 2008, 28(2):627—635

Sandy Land in the past decades. From 1987 to 2006, the fixed
sand dunes, which covered half area (14570.93 km?; 50.25%)
in 1987, sharply shrank to 10608.96 km® (36.6%) in 2000 with
a decreasing rate of 304.77 km®/a. The semi-fixed sand dunes,
however, increased from 3405.41 km® (11.70%) in 1987 to
4911.13 km® (16.94%) in 2000 with a growth rate of 115.82
km®/a. The active sand dunes, following the same trend as the
semi-fixed sand dunes, increased to 8090.70 km* (27.91%) in
2000 with a change rate of 201.67 km%a. The inter-dune
grassland decreased at a rate of 22.20 km?/a, whereas wetlands
increased slowly at an increasing rate of 9.47 km*/a (Table 2
and Fig. 4).

In contrast, there were some differences in the land degra-
dation process from 2000 to 2006, the second period. The
noticeable change was the increase of fixed sand dunes with a
rate of 30.31 km’/a. The semi-fixed sand dunes and active
sand dunes remained augmentation, but the increased magni-
tude was sharply declined. However, the inter-dune grassland
reduced at a higher speed. Wetlands decreased with a speed of
7.18 km®/a. Although the decrease in area was significant, the
fixed sand dunes remained to be the largest area in the Otin-
dag Sandy Land in 2006 (Table 2).

We can conclude from the results that the sandy desertifica-
tion process of the Otindag Sandy Land can be divided into 2
different stages. The first stage, from 1987 to 2000, was char-
acterized by the land degradation with a high speed, whereas
the second stage, from 2000 to 2006, presented a notable alle-
viation of ecological deterioration.

3.2 Spatial change detection

GRID
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—>] 000 [ Inactivation ]

010
100 Reversion
GRID B _)[ l
IN 2000
GRID 011
IN 2006 001 —>| Deterioration |
101

—>| 111 ’—)I No change I

Fig.3 Types of change detection

Area percentage (%)

Change detection could reveal the spatial dynamics of
sandy desertification. As shown in Fig. 5, the 4 classes pre-
sented different patterns. Deterioration mainly occurred at
periphery of no change class, namely, emergence of new ac-
tive sand dunes was based on the old ones which kept active
in the past two decades. Therefore, the patches of deterioration
class and no change class were combined and formed several
active sand belts (Fig. 5). Reversion class mainly covered the
central-south part of the Otindag area.

Land degradation is the main ecological process in the Ot-
indag area in the past two decades. Pixels of deterioration
(4579057) and no change (4484457) were almost twice those
of reversion (2303715). However, inactivation was still the
dominant class which had the most pixels (20832938) among
the 4 types (Table 3).

4 Discussion and conclusions

The Otindag Sandy Land became a hot spot because of the
widespread sand storms in 2000. In this research, we em-
ployed the temporal remote sensing images to reveal the sandy
desertification process in this region, especially the latest
situation of sandy desertification.

Sandy desertification occurred in the Otindag Sandy Land
in the past two decades from 1987 to 2006. The fixed sand
dunes shrank, semi-fixed and active sand dunes increased re-
markably; meanwhile, the inter-dune grassland and wetlands
also decreased (Table 2; Figs. 4 and 5). Two different sandy
desertification stages could be identified. From 1987 to 2000
(the first stage), land degradation proceeded at a higher speed,

sand dunes

dunes

grassland

Fig. 4 Area percentage of the 5 land cover types in 1987,
2000 and 2006 in the Otindag area

Table 2 Change rate of the 5 land cover classes from 1987 to 2006 in the Otindag area

Area (km?) Change rate (km®/a) (+Gain,~Loss)
Land cover type
1987 2000 2006 1987-2000 20002006

Fixed sand dunes 14570.93 10608.96 10790.84 -304.77 +30.31
Semi-fixed sand dunes 3405.41 4911.13 5039.75 +115.82 +21.44
Active sand dunes 5468.99 8090.70 8160.94 +201.67 +11.7
Inter-dune grassland 3761.75 3473.23 3135.59 -22.20 -56.27
Wetlands 1784.76 1907.86 1864.78 +9.47 -7.18
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Fig. 5 Change detection of active sand dunes from 1987 to 2006 in the Otindag area

Table 3 Pixel number of the 4 change detection classes

Deterioration
4579057

Reversion
2303715

Inactivation
20832938

No change
4484457

whereas from 2000 to 2006 (the second stage), sandy deserti-
fication was greatly alleviated. Although severe land degrada-
tion occurred, the fixed sand dunes still dominated in the Ot-
indag area in 2006. The spatial change detection showed that
area of deterioration was much larger than that of reversion,
and that several active sand belts had been formed (Table3 and
Fig. 5).

Ecological deterioration of this region is mainly a hu-
man-induced process, and the climate did not have notable

changes with only normal fluctuation!" "

. In the past two
decades, this region experienced rapid population increase.
Life demand of local people caused overgrazing and reclama-
tion on grassland to improve income. Meanwhile, no adequate
attention was paid for protecting and restoring vegetation,
which in consequence led to degradation of natural vegetation
and triggered sandy desertification.

Policies have played an important role in controlling sandy
desertification™”. The alleviation of sandy desertification from
2000 to 2006 mainly resulted from a series of ecological res-
toration projects. In 2000, a nation-wide ecological restoration
project, named as the Grain-for-Green Project, was launched
and regulations were enacted by the central government. This
project aims to reduce the cropland which is not suitable for
cultivation so as to restore natural vegetation. The ultimate
goal is to attain sustainable development of society, economy
and environment. In the Otindag area, a series of measures,
aimed at weakening the disturbance and increasing the cover-
age of natural vegetation, were taken by local governments to

control further ecological degradation, which included grazing
prohibition, plantation of high yield forage grasses, aerial
seeding by planes, and adjustment of socio-economic structure.
After several years’ practice, the sandy desertification was
greatly alleviated. From this research, we can suggest affirma-
tively that these measures were indeed effective in controlling
land degradation. However, because long time is needed in the
restoration of the damaged sandy ecosystem, the policies,
made by decision-makers, will be valid in a longer time span.
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