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Abstract Human-driven dynamics of land cover types in
the Tarim Basin are able to affect potential dust source
regions and provide particles for dust storms. Analyses
about dynamics of potential dust source regions are useful
for understanding the effects of human activities on the
fragile ecosystem in the extremely arid zone and also
provide scientific evidence for the rational land develop-
ment in the future. This paper therefore selected the Tarim
Basin, NW China, as a representative study area to reveal
spatiotemporal dynamics of land cover and their impacts
on potential dust source regions. The results showed that
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farmland, desert and forest increased by 28.63, 0.64 and
29.27%, while grassland decreased by 10.29% during
1990-2010. The largest reclamation, grassland loss and
desertification were 639.17 x 103, 2350.42 x 10° and
1605.86 x 10° ha during 1995-2000. The relationship
between reclamation and grassland loss was a positive
correlation, while a highly positive correlation was 0.993
between the desertification and grassland loss at different
stages. The most serious dust source region was the
desertification during 1990-2010 (1614.58 thousand ha),
and the serious region was stable desert (40,631.21 thou-
sand ha). The area of the medium and low dust source
region was 499.08 x 10° and 2667.27 x 10 ha. Dramatic
reclamation resulted in the desertification by destroying
natural vegetation and breaking the balance of water allo-
cation in various regions.

Keywords Spatiotemporal dynamics - Dust sources -
Human activities - Tarim Basin

Introduction

Dust storms frequently occur in the arid and semiarid zones
of the world (Al-Dousari et al. 2013). Dust and dust storms
have deeply affected the air quality and habitat environ-
ment and caused a series of disasters (Batjargal et al. 2006).
A series of factors causing dust storms are wind, rainfall,
deforestation, drought and land cover changes (Al-Hurban
2013). Generally, two critical factors impact the formation
of dust storms, namely wind and dust sources (Davara and
de la Cruz 2004). The former provides power for dust
storms, while the latter provides dust particles. The for-
mation of dust particles, desertification and dust storms is
seriously affected by climate change and human activities
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(Wang et al. 2012). Drivers affecting the dust storm are
wind erosion and other climatic factors, while its main
cause is the destruction of vegetation caused by human
activities (Sabit and Imin 2011). Therefore, human activity
is the main factor affecting dust source regions and storms
by altering land cover types and their soil physical
characteristics.

Regarding researches on the dust storms, many scholars
analyzed dust storms assessment (Liu et al. 2012b), effects
of dust on vegetation growth (Abuduwaili et al. 2015), dust
storms identification based on remote sensing (Kaskaoutis
et al. 2011), temporal changes analysis of dust storms using
remote sensing (Huang et al. 2007; Samadi et al. 2014;
Shahraiyni et al. 2015), classification of dust days (Sorek-
Hamera et al. 2012), effects on global climate change
(Yang et al. 2008), dust storms disaster (Fan et al. 2007)
and ecological impacts (Abuduwaili et al. 2010), socioe-
conomic impacts on dust storms (Ai and Polenske 2008)
and relationship between vegetation coverage and dust
storms (Betz et al. 2015). Additionally, many researchers
analyzed the relationship between the agricultural soil
texture, land degradation and wind erosions (Houyou et al.
2014; Gao et al. 2015; Colazo and Buschiazzo 2015).
Because dust sources are mainly affected by land cover
types and their dynamics, numerous scholars analyzed the
relationship between vegetation coverage and frequency of
dust storms as well as the desertification (Jafari and
Bakhshandehmehr 2013; Izzo et al. 2013; Fleskens and
Stringer 2014; Miao et al. 2015). However, rare scholars
considered researches about potential dust source regions
by analyzing spatiotemporal variations of vegetation cov-
erage and land cover types. The response of generated dust
to various land cover types (forest, meadow and cropland)
has been studied by in situ experiments (Wang and Jia
2013; Wang et al. 2013; Hahnenberger and Nicoll 2014).
These researches have all illustrated various influences of
land cover types on dust sources. Although desertification
and its influencing factors have been already studied, the
extraction and analysis of dust source regions at the
regional scale are rarely proposed in previous researches
(Bhattachan et al. 2012). However, dust source regions are
critical for the formation of dust storms. Thus, this paper
mainly studied on the changes in the underlying surface
and potential dust source regions caused by human
activities.

The Taklimakan Desert, the world’s second largest
desert and the largest shifting desert, is located in the
Tarim Basin and is a major source of dust storms in
China. The particular climate and geographical location
result in a fragile ecosystem in the Tarim Basin.
Distribution of the oasis is along the Tarim River and its
branches, which constitutes an important green barrier to
isolate deserts (Liu et al. 2012a). In recent decades, the
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severe reclamation and cotton cultivation caused by the
rapid economic development resulted in drastic reduc-
tion of natural vegetation coverage. Severe dust storms
happened in the Tarim Basin destroyed large areas of
crops and caused casualties of local residents and dam-
ages on the economic development (Chen and Zhu
2000). Dust not only affects the photosynthesis and
growth of crops (Abuduwaili et al. 2015), but also
affects human health by carrying toxic substances, bac-
teria and viruses (Hu et al. 2001). Additionally, the
severe dust storms from the Tarim Basin can also reach
eastern China, Korea Peninsula, Japan, the Pacific and
western coast of North America (Duce et al. 1980; Zhao
et al. 2013). Gao and Washington (2010) analyzed
delivery trajectories of dust originating from the Tarim
Basin. However, researches regarding origin places of
dust were rarely reported. What are details of land cover
changes in the past two decades? Where would be a
potential source of dust? Therefore, two main objectives
of this paper were to: (1) reveal spatiotemporal dynamics
of land cover types during 1990-2010 and (2) analyze
potential dust source regions and their macroscopic
changes in time and space.

Materials and methods
Study area

As the largest endorheic basin, Tarim Basin (area: about
5.3 x 10° km?) is approximately located in the south of
Xinjiang Uygur Autonomous Region, NW China, with
the latitude of 37°—42°N and longitude of 73°-94°E. The
terrain is higher in western, while it is lower in the
eastern Tarim Basin. The center of Tarim Basin is the
Taklimakan Desert, which is the second largest desert in
the world (Sun et al. 2010). Surrounding the Taklimakan
Desert, there are numerous mountains in western,
northern and southern regions (Fig. 1). This paper
selected the regions with the elevation of less than
2500 m as study area because it is consistent with the
boundary of dust storms from in situ observations at
meteorological stations (Wang and Jia 2013). The main
soil types distributed in the Tarim Basin are the blown
desert, meadow, salt and eolian soil (Zhang and Zhang
2012). Study area is a major cotton cultivation region in
China. The annual precipitation approximately ranges
from 15 to 70 mm, while the annual evaporation is
above 2600 mm (Zhang and Zhang 2012). The average
wind speed is about 2.4 m/s (Li et al. 2008). Both
eastern and southeastern parts of Tarim Basin are
affected by the northeasterly airflow, while the western
and northern parts of Tarim Basin are affected by the
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Fig. 1 Location map of the study area

westerly, northwesterly and northerly airflow (Wang and
Jia 2013). The annual frequency of sandstorm increases
during 1997-2007, and the seasonal frequency is the
highest in spring (Xue et al. 2009).

Data sources

Gridded land cover data in 1990, 1995, 2000 and 2005
were acquired from Data Sharing Infrastructure of Earth
System Science in China (http://www.geodata.cn/Portal/
index.jsp). These land cover data with the spatial resolution
of 30 m were all acquired based on Landsat remotely
sensed images. A series of Landsat-5 Thematic Mapper
(TM) remotely sensed images covering study area with
spatial resolution of 30 m were also acquired from the US
Geological Survey. Additionally, Chinese HJ/CCD remo-
tely sensed images in 2010 were acquired from China
Centre for Resources Satellite Data and Application
(CRESDA) and were also acquired to supplement missing
of Landsat-5 TM images and construct time series of
remote sensing images. Chinese HJ satellites belong to
small satellite constellation with the high temporal
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resolution of 2 days and the spatial resolution of 30 m, and
the detailed description of Chinese HJ/CCD can be found
from Liu et al. (2014). The land cover map within 2014
(http://chinageoss.org/dsp/sciencedata/sciencedata_view.
action?datald=5fa048d5-5746-406c-83e3-5348585b4804)
was also obtained from the Center for Earth System Sci-
ence, Tsinghua University (http://data.ess.tsinghua.edu.cn/
data/temp/OBOR/). Although the low spatial resolution is
250 m, land cover data within 2014 can be also used to
reveal the relationship between frequencies of spring
sandstorm and major types of land cover change. Land
cover sampling data within 2010 were also collected using
the handheld GPS. The data about the frequency of spring
sandstorm outbreak during 1990-2014 were acquired from
relevant literature (Ablikim and Aji 2011; Li et al. 2012a;
Ma et al. 2016). These studies calculated and showed the
average frequency of sandstorm according to 15 weather
stations around the Taklimakan Desert and a station in the
center of the Taklimakan Desert. Visual field observations
about sand-transporting capacity of various land cover
types during 2008-2014 were acquired. During these
campaigns, interviews and questionnaires from local
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residents were also implemented. In addition, many results
about the sand-transporting capacity of various land cover
types were also obtained from relevant field experiments,
reports and literature.

Preprocessing and classification

We performed the geometric rectification on HJ/CCD
images based on corresponding Landsat TM images using
the ENVI 5.0 software. A total of 50 ground control points
(GCPs) were used to correct HJ/CCD images combined
with a second-order polynomial fit. The root-mean-square
error (RMSE) for all HI/CCD images was all less than 0.5
pixels. After geometric rectification, the radiometric cal-
ibration was employed to transform digital number (DN)
of Landsat and HJ/CCD images into radiance using gain
and offset parameters of these images. Then, we per-
formed the atmospheric correction to acquire the surface
reflectance using a FLAASH model within ENVI soft-
ware, which is based on the MODTRAN4+ radiative
transfer model.

Land cover data 1990, 1995, 2000, 2005

According to the classification criteria of the State
Bureau of Land Administration and Chinese Academy of
Sciences (Liu et al. 2005, 2015), the land cover types were
divided into seven categories, including farmland, forest,
grassland, water body, built-up land and desert. Land cover
sampling and high spatial resolution from Google Earth
were all used to generate regions of interested (ROI) for
land cover classification. Then, a support vector machine
(SVM) method combined with visual interpretation method
was used to extract the land cover types. The overall
accuracies of classification and Kappa coefficients were all
greater than 86.1% and 0.85 based on field-observed land
cover samples using GPS.

Methodology

This paper illustrated the procedure for revealing spa-
tiotemporal dynamics of land cover types and potential
dust source regions in the Tarim Basin (Fig. 2). Firstly,
spatial and temporal dynamics of land cover were identi-
fied based on land cover maps during 1990-2010 by

Landsat TM, Chinese HJ/CCD images 2010
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Fig. 2 Flow chart of the paper
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Table 1 Temporal changes in

e of land cover types 1990 1995 2000 2005 2010
(10 ha) Farmland 2447.42 2448.38 2667.27 3043.61 3148.07
Forest 859.64 858.55 1173.39 1135.04 1111.25
Grassland 12,858.61 12,857.67 11,787.15 11,547.76 11,535.58
Desert 42,119.61 42,116.90 42,511.80 42,434.60 42,388.11

employing a GIS spatial analysis model. Then potential
dust source regions were analyzed according to land cover
changes associated with field observations, questionnaires,
related reports and literature.

Results and analysis
Spatiotemporal dynamics of land cover

Table 1 shows that temporal changes in four major land
cover types. During 1990-2010, farmland increased by
28.63%, while grassland decreased by 10.29%. Desert and
forest increased by 0.64 and 29.27%, respectively. How-
ever, both desert and forest had a decline trend from 2000
to 2010. The decline rate of desert and forest was 0.29 and
5.30% during 2000-2010. The dramatic decline of grass-
land was occurred in the period between 1995 and 2000
with a percentage of 8.33%. During 1995-2000, forest and
desert increased most dramatically with a percentage of
36.67 and 0.94%. The increase in forest during 1995-2000
was mainly caused by the Grain for Green project (Liu
et al. 2015) and Three-North Shelterbelt project (Li et al.
2012b).

Spatiotemporal dynamics of reclamation,
desertification and grassland loss

During 1995-2000, the area of reclamation was the largest
(639.17 thousand ha), followed by the period of 2000-2005
with area of 389.79 thousand ha (Table 2). The decline of
reclamation from 1995 to 2010 was affected by the state
policies about reclamation limitation (Lv and Liu 2009).
According to spatial distribution of reclamation in the
Tarim Basin, reclamation in different periods was mainly
located in the north and southwest of study area. The
spatial distribution of reclamation is nearby the original
farmland.

The largest grassland loss was occurred in the period of
1995-2000 with the area of 2350.42 thousand ha. The
transformation of grassland mainly tended to be desert and
farmland. Since 2000, the trend of grassland loss has been
reduced due to local residents’ behaviors caused by some
policies such as the Grain for Green project (Cao et al.
2011). The similar decline trend of reclamation and

Table 2 Temporal changes in reclamation, grassland and desertifi-
cation (10° ha)

Reclamation Grassland loss Desertification
1990-1995 143.47 418.26 324.73
1995-2000 639.17 2350.42 1605.86
2000-2005 389.79 289.32 9.12
2005-2010 122.07 82.33 0.12

grassland loss revealed a positive correlation between
them. The Pearson correlation coefficient between recla-
mation and grassland loss at different stages was 0.87. In
this paper, desertification is defined as a land cover change
type, transforming from non-desert into desert coverage.
The largest area of desertification was also occurred during
1995-2000 (1605.86 thousand ha), and then desertification
decreased from 2000 to 2010. Desertification during
1995-2000 was mainly from grassland loss according to
the almost consistent distribution of desertification and
grassland in Fig. 3b, c. There was a positive correlation at
the 0.01 levels (bilateral) between desertification and
grassland loss at different stages, and the Pearson correla-
tion coefficient was 0.993.

As an important land cover type, natural grassland is a
critical shelter limiting desertification. Thus, we revealed
the spatial and temporal dynamics of grassland loss
between 1990 and 2010 (Fig. 4). The total area of grass-
land converted into farmland, desert and forest was
746.86 x 10°, 1251.82 x 10> and 381.21 x 10’ ha,
respectively, between 1990 and 2010. Numerous grassland
patches were converted into desert and farmland, leading to
land cover type with a high sand-fixing ability into those
with the lower ability. These transformations between 1990
and 2010 also provide scientific evidence for assessing
potential dust source regions. Converted into farmland type
was mainly located in regions nearby rivers and other water
sources, while the converted into forest type was mainly
nearby river channels. Converted into desert type was
mainly located in southwestern and northeastern Tarim
Basin caused by the dramatic reclamation. Tarim River
catchment is also located in the study area and provides
water for irrigated agriculture. However, excessive land
reclamation and cotton cultivation in the upstream and
midstream resulted in an increase in agricultural water
while a drop of water volume and vegetation recession in
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the lower reaches of the Tarim River (Liu et al. 2012a).
Then groundwater in the lower reaches of Tarim River
dropped from 3 m in the 1950s to 12 m in the 2000s (Wang
et al. 2002). Meanwhile, existing electromechanical wells
in 2008 were about 1129 in the study area, while about
5618 electromechanical wells will be constructed during
2008-2010 (Shi 2008). In addition, Deng (2010) also
pointed out that a large-scale, over-exploitation of
groundwater for irrigation can eventually result in deple-
tion of water resource. Li (2014) found that ground water in
the Bachu County (northwestern study area) decreased by
1-1.5 m within 2009 due to agricultural irrigation.

Discussions
Ecological theory of potential dust source regions

Although no experiments were used to analyze sand-
transporting quantity of different land cover types, ade-
quate field observations during 2008-2014 at regional scale
are also credible data and provide spatial and temporal
information for analyzing the phenomena of desertification
and the formation of dust source regions. In addition,
feedbacks of interviews and questionnaires from local
residents also provided empirical knowledge. Finally, long-
term observations, cited experiment data and question-
naires all consistently reflect effects of land cover and
change on dust sources formation.

As a factor of dust storms, dust source regions provide
the material sources for dust storms. Dust sources are
generally affected by land cover changes by altering the
compaction of surface soil and vegetation coverage. In the
Taklimakan Desert, fine and extremely fine sand occupy
about 70-80% of particles (Gao et al. 2002) with the
average particle size of 0.01-0.1 mm (He and Zhao 1997).
Additionally, both low vegetation coverage of cotton fields,
rare precipitation and lack of irrigation in spring result in
the decline of soil moisture. Dry surface soil of cropland is
therefore one dust source with a large amount of particle
(<0.063 mm) (Zhang et al. 2007). Land cover changes
affected abilities of sand-transporting between arable land
and natural vegetation coverage by altering the loose top-
soil. Based on existing ecological knowledge, dust sources
were finally acquired associated with multi-temporal
remote sensing images. Despite the lack of large-scale field
observations, this method has fast and advanced traits on
the classification of dust source regions. The classification
is basically consistent with the actual conditions and can be
a scientific evidence for decision making.

Therefore, desertification, reclamation and grassland
loss all affected changes in underlying surface and surface
particles. The dramatic decline in grassland was caused by
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reclamation and desertification. The response of dust
source regions to changes in various land cover types
varies over the time. Three categories of data mentioned
above can be used as priori knowledge because they have
been recognized by many scientists and local residents.
Because these priori data have ecological significance,
classification coupling remote sensing images with eco-
logical knowledge can make results more credible. Thus,
we also analyzed differences of dust source regions based
on various underlying surface types and their dynamics.
Fallow and recently reclaimed arable lands are both prone
to dust without shelterbelt. The probability of orchard
lands substantially reduced compared to arable land due
to increasingly stable vegetation coverage. However,
natural grassland areas have formatted an approximate
closed natural coverage to reverse desertification and to
reduce dust storms. Roels et al. (2001) had the consistent
result based on detailed in situ observations. Thus,
changes in desert, farmland, woodland and grassland are
all critical types of land cover change for generating dust.
In particular, the decreasing vegetation coverage in
degraded grasslands can increase the occurrence of dust
storms by reducing the roughness of the land surface
(Wang et al. 2004a). Additionally, frequencies of spring
sandstorm outbreak within four periods (1990-1995,
1995-2000, 2000-2005, 2005-2010 and 2010-2014) were
related to three major types of land cover change, namely
reclamation, grassland loss and desertification. The
Pearson correlation coefficient between dust storm fre-
quency and reclamation, grassland loss and desertification
was 0.947, 0.951 and 0.941, respectively. The relationship
showed that dust storm frequency is positive against
reclamation, grassland loss and desertification from 1990
to 2010 in the Tarim Basin. These findings are also con-
sistent with the results from Chen and Zhou (2010).

Extraction of potential dust source regions

Thereby, the classification criteria of dust source regions
are proposed based on the ecological significance sum-
marized from long-term field observations, question-
naires and relevant literature (Zhao et al. 2011; Betz
et al. 2015). Desertification caused by human activities
broke the balance between desert and natural vegetation
(Betz et al. 2015). Generally, transformations into desert
regions were close to human settlements and locations
with human activities (Zhao et al. 2011). Currently, the
degraded grassland and the edge between oasis and
desert are key areas of sandstorm prevention in China
(Meng and Jiang 2002). This type is therefore consid-
ered as the most serious dust source region. Stable de-
sert is mainly affected by natural factors, and it is also a
serious region for dust formation. The loose surface of
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farmland is another potential source of dust caused by
corresponding cultivations (Wang et al. 2004b). As the
major cultivated crop in the study area, cotton is gen-
erally cultivated in early April with relatively scarce
cotton coverage. However, wind speed and frequency is
larger during March—May than the other months, which
providing a power-driven factor for dust storms. Com-
pared to old farmland, recent reclamation is more likely
to be dust source region due to lack of shelterbelt pro-
tection. The recent reclamation was mainly transferred
from natural grassland and resulted in decline of natural
wind barrier. The recent reclamation from 2000 is
therefore considered as the medium dust source region
because fine-grained particles from the recent reclama-
tion without shelterbelts are easily blown (Sabit and
Imin 2011; Wang and Jia 2013). Finally, the other
farmland types are defined as the low dust source region
because these farmlands are well managed with perfect
irrigation facilities and shelterbelts (Table 3).
According to the classification criteria, we acquired
the spatial pattern of the potential dust source regions by
employing the spatial analysis model (Fig. 5). The area
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of the most serious dust source region was about
1614.58 thousand ha, and the area of serious dust source
region was 40,631.21 thousand ha. Therefore, these
regions should be key focus of dust governance. The
area of the medium serious dust source region and low
serious dust source region was 499.08 thousand and
2667.27 thousand ha.

Relationship between desertification
and reclamation

Reclamation implemented by the local government and
military corps undermines land cover, causing damage to a
large area of grassland and natural forest. Reclamation
caused changes in the underlying surface and directly
affected the desertification process. Driven by economic
stimulus, new reclaimed arable land was used for cotton
cultivation. Increasing agricultural irrigation demands of
cotton and other crops also led to an uneven distribution
between agricultural and ecological water allocations
(Feng et al. 2005). Decreases in the ecological water and
groundwater level caused decay and death of natural
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Fig. 4 Spatial and temporal dynamics of grassland loss during 1990-2010

Table 3 Classification criteria

. Categor
of dust source regions oy

Definition

Most serious dust source region
Serious dust source region
Medium dust source region
Low dust source region

Desertification in the desert oasis ecotone, during 1990-2010
Stable desert type during 1990-2010

Recent reclamation since 2000

The other farmland types

vegetation in the lower reaches of Tarim River (Aishan
et al. 2013). Thus, desertification was mainly driven by
anthropogenic reclamation in the study area.

Advantages and disadvantages

According to reported news in recent years, frequency and
scale of dust storms events were both tend to increase in the
residential regions and reclamation districts (Zong 2015).
Then we found that dust storms were severe in reclamation
areas because fluffy soil on the surface of arable land
provides a potential dust source during field campaigns.
Additionally, according to the questionnaire and interview

data from local residents aged above 45, virgin forests and
wildlife disappeared, while dust storms gradually
increased. At two decades temporal scale, climate change
effects have no such huge effects and are less than large-
scale reclamations. Thus, reclamations caused by human
activities led to more changes in underlying surfaces and
formed dust sources. We acquired natural and human-
generated dust source regions by analyzing land cover
changes during 1990-2010. The human-generated dust
source region caused by intensive reclamations in the non-
growing season can be considered a more severe sandstorm
source because reclamations altered the surface roughness
and soil particle diameter by decreasing vegetation

@ Springer
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Fig. 5 Spatial distribution of potential dust source regions in the Tarim Basin

coverage (Mei et al. 2004). Therefore, shelterbelts should
be configured for the recent reclamation to isolate the
possibility of dust storms formation. Thus, these findings
verified the accurateness of potential dust source regions
estimation.

By means of remote sensing and GIS approaches, we
acquired spatial and temporal dynamics of underlying
surfaces of Tarim Basin during 1990-2010. Furthermore,
changes in underlying surfaces resulted in tightness of
soil. Then according to the result from field-level
experiments, we classified processes of land cover
changes to acquire the potential distribution of dust
source regions at the regional scale. This method accu-
rately illustrates the distribution of dust source regions
and provides scientific evidence for relevant sectors to
make decisions.

However, the shortcoming of this article is lack of
quantitative data about natural factors, thereby weakening
the quantitative analysis. Thus, numerous indicators such
as surface drought index, wind speed, air temperature,
relative humidity and air pressure gradient can be also
added into this classification system for a higher accuracy
in the future.

@ Springer

Conclusions

The spatiotemporal dynamics of land cover in the Tarim
Basin was acquired based on multi-temporal remote sensing
images and the spatial analysis model. The dust storm fre-
quency positively correlated to reclamation, grassland loss
and desertification with the Pearson correlation of 0.947,
0.951 and 0.941, respectively. These findings associated
with long-term observations, cited experiment data and
questionnaires provided the robust ecological significance
and classification criteria for dust source regions extraction.
Then, five types of potential dust source regions (the most
serious, serious, medium and low dust source regions) were
mapped. The spatial distributions of potential dust source
regions are all seriously affected by land cover changes.
Spatially explicit distribution of potential dust source
regions based on remote sensing and field observations fully
revealed the spatial heterogeneity of potential dust source
regions at a regional scale. The research provided implica-
tions on environment protecting, reclamation restricting and
desertification controlling in the future. The results in this
paper are also robust, and the method can be also applied in
the related researches in the other regions.



Environ Earth Sci (2016)75:1477

Page 11 of 12 1477

Acknowledgments This study was supported by the National Natural
Science Foundation of China (NSFC Nos. U1303285 and 31570536;
NSFC Nos. 31270742 and 31360200) and VolkswagenStiftung (Grant
Number Az.:88 497). We are grateful for two anonymous reviewers to
give valuable suggestions on this paper and my colleague: Zipporah
Musyimi for polishing the language. We are also grateful for the land
cover data from Data Sharing Infrastructure of Earth System Science
in China and Landsat-5 TM images from USGS.

References

Ablikim A, Aji D (2011) Analysis of sandstorm disaster in Xinjiang
in recent 50 years. J Arid Land Resour Environ 25:118-121
Abuduwaili JLL, Liu DW, Wu GY (2010) Saline dust storms and
their ecological impacts in arid regions. J Arid Land 2:144-150

Abuduwaili JLL, Zhang ZY, Jiang FQ, Liu DW (2015) The disastrous
effects of salt dust deposition on cotton leaf photosynthesis and
the cell physiological properties in the Ebinur Basin in North-
west China. PLoS ONE 10:e0124546. doi:10.1371/journal.pone.
0124546

Ai N, Polenske KR (2008) Socioeconomic impact analysis of yellow-
dust storms: an approach and case study for Beijing. Econ Syst
Res 20:187-203

Aishan T, Halik U, Cyftka B, Kuba M, Abliz A, Baidourela A (2013)
Monitoring the hydrological and ecological response to water
diversion in the lower reaches of the Tarim River, Northwest
China. Quat Int 311:155-162

Al-Dousari AM, Al-Awadhi J, Ahmed M (2013) Dust fallout
characteristics within global dust storm major trajectories. Arab
J Geosci 6:3877-3884

Al-Hurban AE (2013) Effects of recent anthropogenic activities on
the surface deposits of Kuwait. Arab J Geosci. doi:10.1007/
$12517-013-0866-9

Batjargal Z, Dulam J, Chung YS (2006) Dust storms are an indication
of an unhealthy environment in East Asia. Environ Monit Assess
114:447-460

Betz F, Halik U, Kuba M, Aishan T, Cyftka B (2015) Controls on
aeolian sediment dynamics by natural riparian vegetation in the
Eastern Tarim Basin, NW China. Aeolian Res 18(18):23-34

Bhattachan A, D’Odorico P, Baddock MC, Zobeck TM, Okin GS,
Cassar N (2012) The southern Kalahari: A potential new dust
source in the Southern Hemisphere? Environ Res Lett 7:024001.
doi:10.1088/1748-9326/7/2/024001

Cao SX, Chen L, Shankman D, Wang CM, Wang XB, Zhang H
(2011) Excessive reliance on afforestation in China’s arid and
semi-arid regions: lessons in ecological restoration. Earth Sci
Rev 104:240-245

Chen ZG, Zhou JH (2010) NDVI and the conditions of generating
sandstorm. Ecol Environ Sci 19:870-876

Chen ZQ, Zhu ZD (2000) Significance of eco-environmental protec-
tion in development of western regions in connection with
sandstorms. Prog Geogr 19:259-265 (in Chinese with English
Abstract)

Colazo JC, Buschiazzo D (2015) The impact of agriculture on soil
texture due to wind erosion. Land Degrad Dev 26:62-70

Davara F, de la Cruz A (2004) Dust storm monitoring: effects on the
environment, human health and potential security conflicts. Proc
SPIE 5574:361-371

Deng MJ (2010) Research and thinking on water resources in
Xinjiang. Quat Sci 30:107-114

Duce RA, Unni CK, Ray BJ, Prospero JM, Merrill JT (1980) Long-
range atmospheric transport of soil dust from Asia to the tropical
North Pacific: temporal variability. Science 209:1522-1524

Fan YD, Shi PJ, Zhou T, Li Y (2007) The impact factor analysis of
dust storm disaster in Northern China. Adv Earth Sci
22:350-356

Feng Q, Liu W, Si JH, Su YH, Zhang YW, Cang YQ, Xi HY (2005)
Environmental effects of water resource development and use in
the Tarim River basin of northwestern China. Environ Geol
48:202-210

Fleskens L, Stringer LC (2014) Land management and policy
responses to mitigate desertification and land degradation. Land
Degrad Dev 25:1-4

Gao H, Washington R (2010) Transport trajectories of dust originat-
ing from the Tarim Basin, China. Int J Climatol 30:291-304

Gao WD, Wei WS, Liu MZ (2002) Analysis on the regional
characteristics of sand dust aerosol over Tarim Basin. Arid Land
Geogr 25:165-168

Gao Y, Dang X, Yu Y, Li Y, Liu Y, Wang J (2015) Effects of tillage
methods on soil carbon and wind erosion. Land Degrad Dev.
doi:10.1002/1dr.2404

Hahnenberger M, Nicoll K (2014) Geomorphic and land cover
identification of dust sources in the eastern Great Basin of Utah,
USA. Geomorphology 204:657-672

He Q, Zhao JF (1997) The studies on the distribution of floating dusts
in the Tarim Basin and its effects in environment. J Desert Res
17:119-126 (in Chinese and English Abstract)

Houyou Z, Bielders CL, Benhorma HA, Dellal A, Boutemdjet A
(2014) Evidence of strong land degradation by wind erosion as a
result of rainfed cropping in the Algerian steppe: a case study at
Laghouat. Land Degrad Dev. doi:10.1002/1dr.2295

Hu RJ, Fan ZL, Wang YJ, Yang Q, Huang YY (2001) Assessment
about the impact of climate change on environment in Xinjiang
since recent 50 years. Arid Land Geogr 20:25-28

Huang JP, Ge JM, Weng FZ (2007) Detection of Asia dust storms
using multisensory satellite measurements. Remote Sens Envi-
ron 110:186-191

Izzo M, Araujo N, Aucelli PPC, Maratea A, Sanchez A (2013) Land
sensitivity to desertification in the Dominican Republic: an
adaptation of the ESA methodology. Land Degrad Dev
24:486-498

Jafari R, Bakhshandehmehr L (2013) Quantitative mapping and
assessment of environmentally sensitive areas to desertification
in central Iran. Land Degrad Dev. doi:10.1002/1dr.2227

Kaskaoutis DG, Kambezidis HD, Badarinath KVS, Kharol SK (2011)
Dust storm identification via satellite remote sensing. Nova
Science Publishers Inc, New York

Li XX (2014) Survey about Uygur and Chinese farmers’ production
association in Southern Xinjiang. http://www.mzb.com.cn/html/
report/14047986-1.htm. Accessed 18 Apr 2014 (in Chinese)

Li JC, Dong ZB, Wang XM, He SS (2008) Seasonal distribution and
causes of dust events in Tarim Basin, China. J Desert Res
28:142—-148 (in Chinese and English Abstract)

Li HJ, Yang XH, Zhao Yong Wang MZ, Huo W (2012a) Relationship
between spring sandstorm frequency in the Tarim Basin and
atmospheric circulation. J Desert Res 32:1077-1081 (in Chinese
and English Abstract)

Li MM, Liu AT, Zou CJ, Xu WD, Shimizu H, Wang KY (2012b) An
overview of the “Three-North” Shelterbelt project in China.
Forest Stud China 14:70-79

Liu JY, Liu ML, Tian HQ, Zhuang DF, Zhang ZX, Zhang W (2005)
Spatial and temporal patterns of China’s cropland during
1990-2000: an analysis based on Landsat TM data. Remote
Sens Environ 98:442-456

Liu GL, Kurban A, Halik U, Duan HM, Gartner P, Kleinschmit B,
Ablekim A, Niu T (2012a) Analysis of vegetation landscape
pattern dynamics based on Trajectory change detection: a case
study of ecological water transportation in the lower reaches of

@ Springer


http://dx.doi.org/10.1371/journal.pone.0124546
http://dx.doi.org/10.1371/journal.pone.0124546
http://dx.doi.org/10.1007/s12517-013-0866-9
http://dx.doi.org/10.1007/s12517-013-0866-9
http://dx.doi.org/10.1088/1748-9326/7/2/024001
http://dx.doi.org/10.1002/ldr.2404
http://dx.doi.org/10.1002/ldr.2295
http://dx.doi.org/10.1002/ldr.2227
http://www.mzb.com.cn/html/report/14047986-1.htm
http://www.mzb.com.cn/html/report/14047986-1.htm

1477 Page 12 of 12

Environ Earth Sci (2016)75:1477

Tarim River. J Desert Res 32:1472-1478 (in Chinese and
English Abstract)

Liu XQ, Liu N, Xie W, Wu JD, Zhang P, Ji ZH (2012b) The return
periods and risk assessment of severe dust storms in Inner
Mongolia with consideration of the main contributing factors.
Environ Monit Assess 184:5471-5485

Liu GL, Zhang LC, Zhang Q, Musyimi Z, Jiang QH (2014)
Spatiotemporal dynamics of wetland landscape patterns based
on remote sensing in Yellow River Delta, China. Wetlands
34:787-801

Liu GL, Zhang LC, Zhang Q, Musyimi Z (2015) The response of
grain production to changes in quantity and quality of cropland
in Yangtze River Delta, China. J Sci Food Agric 95:480—489

Lv X, Liu XP (2009) Situation and countermeasures of cultivated land
resources in Xinjiang. http://www.mlr.gov.cn/tdsc/11tt/200912/
t20091209_698764.htm. Accessed 09 Dec 2009 (in Chinese)

Ma JY, He Q, Yang XH, Huo W, Yang F (2016) Characteristics
analysis of regional and local sandstorm over the hinterland of
Taklimakan desert: taking Tazhong as example. Desert Oasis
Meteorol 10:36—42 (in Chinese and English Abstract)

Mei FM, Zhang XY, Cao JJ, Lu HY, Wang YQ (2004) Quantitative
assessment of the impact of vegetation cover category at the
sand—dust source in north China on the intensity of topsoil wind
erosion. Mar Geol Quat Geol 24(1):119-124

Meng N, Jiang GC (2002) The degraded grassland and the edge
between oasis and desert are key areas of sandstorm prevention
in China. http://news.xinhuanet.com/newscenter/2002-06/04/con
tent_423790.htm. Accessed 04 June 2002 (in Chinese)

Miao L, Moore JC, Zeng F, Lei J, Ding J, He B, Cui X (2015)
Footprint of research in desertification management in China.
Land Degrad Dev 26:450-457

Roels B, Sebastiaan D, Marinus J, Erger AW (2001) Relation of
wind-induced sand displacement to plant biomass and plant
sand-binding capacity. Acta Bot Sin 43(9):979-982

Sabit M, Imin L (2011) Land use change and its eco-effects in
southern Xinjiang, China. Sci Geogr Sin 31:440-446

Samadi M, Boloorani AD, Alavipanah SK, Mohamadi H, Najafi MS
(2014) Global dust detection index (GDDI): a new remotely
sensed methodology for dust storms detection. J Environ Health
Sci Eng 12:20-34

Shahraiyni HT, Karimi K, Nokhandan MH, Moghadas NH (2015)
Monitoring of dust storm and estimation of aerosol concentration
in the Middle East using remotely sensed images. Arab J Geosci
8:2095-2110

Shi QM (2008) Xinjiang begins large-scale development and
utilization of groundwater resources in Southern Xinjiang.
http://www.chinanews.com/gn/news/2008/03-25/1201925.shtml.
Accessed 25 Mar 2008 (in Chinese)

Sorek-Hamera M, Cohen A, Levy RC, Ziv B, Broday DM (2012)
Classification of dust days by satellite remotely sensed aerosol
products. Int J Remote Sens 34:2672-2688

@ Springer

Sun ZD, Chang NB, Opp C (2010) Using SPOT-VGT NDVI as a
successive ecological indicator for understanding the environ-
mental implications in the Tarim River Basin, China. J Appl
Remote Sens 4:043554

Wang H, Jia X (2013) Field observations of windblown sand and dust
in the Takimakan desert, NW China, and insights into modern
dust sources. Land Degrad Dev 24:323-333

Wang LH, Zhang B, Wan Y (2002) Effect of agricultural irrigation on
the ecological environment in Southern Xinjiang. Res Soil Water
Conserv 9:30-33 (in Chinese and English Abstract)

Wang GX, Tuo WQ, Du MY (2004a) Flux and composition of wind-
eroded dust from different landscapes of an arid inland river
basin in north-western China. J Arid Environ 58:373-385

Wang XM, Dong ZB, Zhang JW, Liu LC (2004b) Modern dust storms
in China: an overview. J Arid Environ 58:559-574

Wang T, Sun JG, Han H, Yan CZ (2012) The relative role of climate
change and human actives in the desertification process in Yulin
region of northwest China. Environ Monit Assess
184:7165-7173

Wang X, Wang G, Lang L, Hua T, Wang H (2013) Aeolian transport
and sandy desertification in semiarid China: a wind tunnel
approach. Land Degrad Dev 24:605-612

Xue FM, Liu XC, Ma Y, Zhang Q (2009) Variation characteristic of
dust weather in the Hinterland of Taklimakan Desert during
1997-2007. Desert Oasis Meteorol 3:31-34 (in Chinese and
English Abstract)

Yang YQ, Hou Q, Zhou CH, Liu HL, Wang YQ, Niu T (2008)
Sand/dust storm processes in Northeast Asia and associated
large-scale circulations. Atmos Chem Phys 8:23-25

Zhang Q, Zhang XS (2012) Impacts of predictor variables and species
models on simulating Tamarix ramosissima distribution of in
Tarim Basin, northwestern China. J Plant Ecol 5:337-345

Zhang RJ, He Q, Kong D, Yang XH (2007) Preliminary summary on
sand-dust storm research in recent years in China. Arid Meteorol
25:88-94

Zhao M, Zhan KJ, Qiu GY, Fang ET, Yang ZH, Zhang YC, Li AD
(2011) Experimental investigation of the height profile of sand—
dust fluxes in the 0-50-m layer and the effects of vegetation on
dust reduction. Environ Earth Sci 62:403-410

Zhao Y, Huang AM, Zhu XS, Zhou Y, Huang Y (2013) The impact of
the winter North Atlantic Oscillation on the frequency of spring
dust storms over Tarim Basin in northwest China in the past half-
century. Environ Res Lett 8:024026. doi:10.1088/1748-9326/8/2/
024026

Zong TM (2015) Strong sandstorms occurred in the Tarim Basin.
http://www.chinanews.com/sh/2015/04-03/7184320.shtml. Acces-
sed 03 Apr 2015 (in Chinese)


http://www.mlr.gov.cn/tdsc/lltt/200912/t20091209_698764.htm
http://www.mlr.gov.cn/tdsc/lltt/200912/t20091209_698764.htm
http://news.xinhuanet.com/newscenter/2002-06/04/content_423790.htm
http://news.xinhuanet.com/newscenter/2002-06/04/content_423790.htm
http://www.chinanews.com/gn/news/2008/03-25/1201925.shtml
http://dx.doi.org/10.1088/1748-9326/8/2/024026
http://dx.doi.org/10.1088/1748-9326/8/2/024026
http://www.chinanews.com/sh/2015/04-03/7184320.shtml

	Spatiotemporal dynamics of land cover and their impacts on potential dust source regions in the Tarim Basin, NW China
	Abstract
	Introduction
	Materials and methods
	Study area
	Data sources
	Preprocessing and classification
	Methodology

	Results and analysis
	Spatiotemporal dynamics of land cover
	Spatiotemporal dynamics of reclamation, desertification and grassland loss

	Discussions
	Ecological theory of potential dust source regions
	Extraction of potential dust source regions
	Relationship between desertification and reclamation
	Advantages and disadvantages

	Conclusions
	Acknowledgments
	References




