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ABSTRACT. In this study, the varying trends of dust storm frequency in a typical oasis located at the South edge
of Taklimakan desert, China were analyzed by using time series analysis and regression models. The LUCC (land
use/cover change) data, NDVI (Normalized Difference Vegetation Index) remote sensing data, meteorological data and
dust storm frequency data for the period of 2004-2018 were collected from local station and ERDAS (Earth Resources
Data Analysis System) software, the multivariate relationships between human activities, natural factor and dust storm
frequencies were analyzed by using Principal Component Analysis (PCA). Results indicated that the annual dust storm
frequency in the study period increased with fluctuation. The monthly dust storm frequency shows higher values between
the months of March and June, which accounts for 72.3% of the annual dust storm frequency. Precipitation and wind
speed are two meteorological factors which can impact the dust storm formation and its frequency. The correlation
between dust storm frequency and temperature was insignificant. Moreover, human activities indirectly affected the
dynamics of dust storms by changing the vegetation cover and direct dust emissions. Furthermore, multivariate analysis
highlighted a clear relationship among dust storm frequency, meteorological factors and NDVI. The high loadings of dust
storm frequency, precipitation, wind speed and NDVI on a PC indicated that increase in precipitation and NDVI will
decline dust storm frequency, whereas higher wind speed will enhance dust storm frequency. The findings of this study
could be useful to understand the possible causes of dust storms, which can provide the basis for controlling the dust
storm source region and also mitigation of the negative effects dust storm on the environment.
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1. Introduction areas are highly vulnerable to the impacts of dust storms
(Zhang et al., 2015; Liu et al., 2004). Particularly,

The Taklimakan Desert is the second largest shifting frequent spring dust storms cause serious environmental
sand desert in the world. This desert and its adjoining problems which has negative impacts on human society at
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the south edge of this desert (Aili and Kim Oanh, 2015;
Yan et al.,, 2016). In a previous research the entire
Taklimakan Desert was selected as a study area and
pattern of spatial-temporal changes of dust storms were
evaluated with limited meteorological observations. For
instance, Cheng et al. (2014) studied the spatial and
temporal features of hot and cold spots of dust storms in
Xinjiang region (Cheng et al., 2014). In another study Liu
and Wei (2005) analyzed the variation trends of dust
storm frequency in southern Xinjiang with the help of
long-term meteorological data. They described that under
global warming conditions, frequency of dust storms will
be reduced due to reduction in strong winds and a parallel
increase in precipitation over the past 60 years (Liu and
Wei, 2005). However, there is a lack of scientific efforts
on dust storm studies for the specific region of
Taklimakan Desert. Therefore, this study was conducted
to partly fill in this information gap.

Since information about dust storm studies regarding
Taklimakan Desert is limited so this particular study was
performed to partly fill this knowledge gap. The southern
edge of the Taklimakan Desert has already become an
ecologically fragile area due to frequent occurrence of
dust storms in this region (Wang et al., 2017). In this
study, the Moyu County in Hetian Oasis was selected as
study area. The dust storm frequency changing trends in
the period of 2004-2018 are combined with
meteorological data (wind speed, temperature and
precipitation), LUCC data and NDVI data. This combined
data was then used to analyze the possible impacts of
meteorological conditions and human development
activities on the variable trends of dust storm frequency.

2. Materials and method
2.1. Overall characteristics of the study area

Moyu County is selected as study area. This county
is located at the southwest of Xinjiang Uygur
Autonomous Region, North Slope of Kunlun Mountain
and south edge of Taklimakan Desert (Fig. 1).
Geographical coordinates are 36°36° ~ 39°38' N,
79°08' ~ 80°51' E, The total area of Moyu County is
25788.86 km? including 16 town/townships, total
population is 632740 (Yan et al., 2016; Shao et al., 2019).

The topography of Moyu County is high in the south
and low in the north, altitude between 1120 and 3663 m.
Its southern part is a mountainous area with undulating
hillsides and central part is a flood alluvial fan plain.
Climate condition of Moyu County belongs to warm
temperate dry desert climate, with distinct seasons; summer
is hot, dry and less rain; temperature rise rapidly in spring.
Sparse precipitation, abundant light, long frost-free period,
large temperature difference between day and night is the

main meteorological characteristics of Moyu County. The
annual average temperature is 11.3 °C, the monthly average
temperature shows highest value in July (26.4 °C) and
lowest value in January (-6.5 °C), the extreme minimum
temperature is -18.7 C, the annual average precipitation is
36-37 mm, the annual evaporation is 2239 mm, the frost-
free period is 177 days and the annual sunshine time is
2655 hours (Shao et al., 2019; Li and Zheng, 2020).

Dry climate and large area of desert provide
favorable conditions for frequent dust weather. The annual
dusty days in Moyu County is more than 200 days and the
strong sand storm weather can reach about 60 days. In this
study, dust storm weather were classified into 3 levels
depending on the severity, using the criteria given by
AQSIQ/NSC (2006). The weaker type of dust storm is
called the suspended dust weather and refers to the
suspending dust in the air under calm or low wind
conditions. The medium severe type of dust weather is
called the blowing dust with the horizontal visibility
ranges froml km to 10 km. The most strong dust
weather is called sand storm which refers to such
phenomena when the instantaneous wind velocity is over
25 m/s and horizontal visibility of air is below 1 km
(AQSIQ, 2006). The number of dusty days in spring and
summer accounted for approximately 90% of the total
number of dust storm days in a year. From April to
August is the high occurrence period of dust storm, May
and June were the most active periods of dust storm.

2.2. Data collection

2.2.1. Dust storm frequency and meteorological
data

In this study classification of dust storm weather was
based on the criteria given by AQSIQ/NSC (2006). The
total number of the three types of dust weather was treated
as annual dust storm frequency. Meteorological data
(temperature and wind speed) in the period of 2004-2018,
were obtained from the Moyu Meteorological Station and
the China Meteorological Data Sharing Service System
(http://cdc.cma.gov.cn/).

2.2.2. LUCC data

Seven types of LUCC data including agricultural
land, grassland, orchard, wetland forest, residential &
industrial land and unused land were used in this study.
The above mentioned land types were classified
according to the criteria given by the National Standard
Committee of China (GBT 21010-2007). As dust storm
events in the study area spread over larger areas including
the entire Taklimakan Desert and its surrounding areas
(Aili and Kim Oahn, 2015; Gao et al., 2015), so the
LUCC data were collected from the entire southern


http://cdc.cma.gov.cn/�

AlLl et al. : DYNAMICS OF DUST STORM & ITS RESPONSE TO MET. CONDITIONS

621

-l'llzzn N _ko'N
[ ] Gobi : _'_
[ Desen s {%ﬁ. g
-‘\VIIIEI e o LY L :
T[ceandSnw ﬂ""’l_- h
[ Sparse vegetation - 5,-,; TSN
|| Dense Vegetation -‘f‘:‘_;_.._ : r o U i
) Cropon o e
Forest et STk g

W T e, P.R.China

o Sy s —ho'N

“% <" Taklimakan Desert \A
- Moyu ’ =Y
i Commty g PR I ‘ '
\ : oy . = ; : | ;
—B5'N i L= |
0130 300 500 Drawing number: G5 (2019)1823
™
| l | |
75°E 80°E 85°E 90°E 95'E
Fig. 1. Location and surrounding environment of study area
Xinjiang  region, including Bayingolin  Mongol a dependent variable and x is an independent variable,

Autonomous district, Aksu prefecture, Kizilsu Kirgiz
autonomous district, Kashgar prefecture and Hotan
prefecture in the period of 2004-2018 and the
relationships between LUCC and dust storm frequency
were analyzed. Population data were collected from the
Xinjiang statistical yearbook (2004-2018).

2.2.3. NDVI data

ERDAS image software was used to get annual mean
value of NDVI from 2004-2018. For this purpose, the
entire southern Xinjiang region (36° - 42° N and 78° - 93° E)
is divided into 360 grid cells of 0.5° x 0.5° for calculating
the NDVI value. The remote sensing (Landsat 7) map is
extracted from the Earth  Explorer  website
(http://earthexplorer.usgs.gov/) based on the geographical
coordinates of the study area. In each year month of
August was selected to obtain NDVI value mainly due to
higher vegetation cover and clear air (fewer clouds),
whereas July was selected for 2007, 2009 and 2017,
because the remote sensing image was not available or
unclear in August during these years. For every 360 grid
cells NDVI values were obtained from ERDAS image
software, these values were then averaged to generate
annual mean NDVI value.

2.3. Statistical analysis

Simple time-series analysis technique was used to
find out the relationship among annual dust storm
frequency, corresponding meteorological factors and
LUCC. This statistical tool can elaborate the relationship
between two variables on the basis of observed data.
Additionally, it can also estimate the value of the
dependent variable by considering the value of the
independent variable (Zaiontz, 2015). For example, if y is

then the linear regression model provides a prediction of y
from x in the form of:

y=oatfxte M)

where: a + pxis the deterministic portion of the
model and ¢ is the random error.

To further explore the multivariate relationships
between dust storm frequency and other factors, the PCA
with a Varimax rotation was applied (Zaiontz, 2015; lvits
et al, 2013). As compared to unrotated Empirical
Orthogonal Function (EOF) and Singular Value
Decomposition (SVD), the Varimax rotation criterion
maximizes the sum of the variances of squared
coefficients within each eigenvector and the rotated axes
remain orthogonal.

For example, let X = [x;] be any k x 1 random vector.

We now define akx1vectorY =[y], where for
each i the i principal component of X is
Vi = 2521 ,Bijxj 2

where, g is a regression coefficient; since each y; is a
linear combination of the x;, Y is a random vector.

A total of 15 variables, including annual frequency
of three types of dust storm weather (suspended dust,
blowing dust and sand storm), three meteorological
factors (annual precipitation, annual wind speed and
annual mean temperature), seven types of land
(agricultural land, forest, orchard, grassland, wetland,
residential & industrial land and unused land), population
and annual mean NDVI value were analyzed
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Fig. 2. Annual frequency of 3 types of dust storm (2004-2018)
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Fig. 3. Monthly average frequency of 3 types of dust storm (2004-2018)

using PCA. The NDVI value is obtained using the
following formula:
NDVI = (Anir - Arep) / (Mnir + Arep) 3)
where, Ayr and Agep are the reflectance in the near
infrared (central wavelength of 0.63-0.67um) and red

bands (central wavelength of 0.85-0.88 um),
respectively.

3. Results and discussion
3.1. Variation trends of dust storms

A total of 2347 dusty days were reported during the
period of 2004-2018 with an annual mean of 189.3 dusty
days. The annual frequency of the three types of dust
weather is presented in Fig. 2. Three peaks of dust storm
frequency can be found in this period, 2006(180d),
2011(171d) and 2016(176d). The decreasing trend is more
conspicuous in the period of 2012-2016 than other period
(Fig. 2).

The monthly average dust storm frequency value in
the period of 2004-2018 is given in Fig. 2. It is obvious
from Fig. 3 that the total number of dusty days in May
accounts for 28.2% of each year, followed by April
(21.1%), March (15.3%) and June (14.2%). Overall,

79.2% of the total annual dust storms appeared in these
four months (Fig. 3). The minimum dusty days appeared
in winter (November to February).

3.2. Relationship between dust storm frequency and
meteorological factors

Wind speed is the most vibrant factor which is
responsible for dust storms. It was noted that if land
surface conditions are suitable, even relatively weak
winds can initiate dust storm events. In spring season,
when low atmospheric pressure system prevails in the
study area whereas the Siberian and Mongolian high
pressure systems transfer to study area from north and
northeast direction. This synoptic situation persuades
strong wind consequently dust storm frequency increases
in study area. The strong positive correlation can be found
between annual wind speed and dust storm frequency with
high statistical significance (R? = 0.84).

Precipitation was negatively correlated with the dust
storm occurrence frequency with higher statistical
significance (R? = 0.54). This is because the precipitation
can increase soil moisture and vegetation coverage and
reduce the likelihood of dust events.

It is also found that hydrothermal conditions and dust
storms are not linearly associated. For instance, higher
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temperature can increase vegetation growth, causing large
vegetation coverage and decline in surface winds which
ultimately suppress the occurrence of dust storms.
However, higher temperature without parallel increase in
precipitation will induce drought and boost surface dust
emission, thereby, facilitating dust storm outbreaks. There
was some correlation between annual dust storm
frequency and temperature but it is not statistically
significant (R*= 0.15).

3.3. Relationship between dust storm frequency
and anthropogenic impacts

3.3.1. Land surface cover and dust storm

occurrence

Dust storms occur not only due to natural factors but
also because of human activities such as overgrazing and
deforestation, which decline the vegetation cover (Xu
et al., 2006; Shi et al., 2010; Fu et al., 2016; Shen et al.,
2016). Therefore, variation trend analysis of dust storms is
conducted by including other indicators of land use/cover
changes using a series of long-term observation data. A
large proportion landscape in this area is occupied by
barren deserts, the Gobi desert and scarce grasslands. It
was expected that the dust storms in the study area are
directly related not only to the LUCC in the study area but
also to the entire desert and its surrounding area.
Therefore, the historical LUCC data from whole southern
Xinjiang region, having a total area of 1,100,000 km?, was
considered while studying the relationship between
incidence of dust storm and the LUCC. Among the seven
land types, area of grassland, wetland and unused land
was reduced while the other four land types were
expanded from 2004 to 2018. It was found that an area of
24,189 km? of unused land and 67,750 km? of grassland
disappeared during the entire study period. So it can be
supposed that the grassland and unused land might have
converted into other forms of land uses.

Reduction in wetland area could be attributed to
rapid increase in population with higher demand for water
resources in southern Xinjiang that resulted in the drying
up of natural lakes or shrinking of rivers (Lei and Zhang,
2005). There was no significant correlation between
particular LUCC and dust storm occurrence but the NDVI
has been found to be negatively correlated with dust storm
frequency (R? = 0.45). In addition to the Gobi and mobile
deserts in the southern Xinjiang region, there exist large
areas of transit zones between the oasis and the desert,
which are called as “ecological fragile region”. These
areas are actually meant for protection of oasis against
desertification and dust storms but currently they are
utilized for planting, grazing and urban construction (Lai
et al., 2002). At the same time rapid desertification has
also been noted in agricultural and pastoral areas in the

southern Xinjiang region. Increase in agricultural,
industrial & residential, forest and orchard land has been
observed during 2004 to 2018. With these developments
population also increased in the region, which may be
linked to the China Central Government’s new western
development strategy. According to an estimate large
number of immigrants have moved to southern Xinjiang
since the late 1990s (Lei and Zhang, 2005; Chen et al.,
2009).

3.3.2. NDVI and Dust storm occurrence

To study the relationship between vegetation cover
changes and incidence of dust storm during the period of
2004-2018, the annual NDVI values were obtained from
ERDAS image software. These NDVI values were
different for different landscapes. For instance the NDVI
value for mobile desert ranged between 0.05-0.06, the
Gobi Desert is 0.07-0.09 and for the fixed dunes it is
0.12-0.17. In case of forest land the value is 0.55-0.70, the
grassland is 0.60-0.75 and the farmland is 0.65-0.83.
Principally NDVI values range from -1 to +1, a value of
0.5 represents dense vegetation while values less than zero
means no vegetation (Xu et al., 2006; Sruthi et al., 2015;
Zhou et al., 2018). To find a relationship between change
in vegetation cover and dust storm occurrence a simple
time-series analysis was used as shown in Fig. 4 As large
areas were covered by mobile desert, fixed dunes and
barren land, so the selected monthly mean NDVI value of
the entire area was low (0.108-0.138). However there was
fluctuations in NDVI value which indicated a decreasing
trend after 2008, indicating decrease in vegetation cover
during this period. A negative correlation has been
found for the whole study period (R = -0.67, P = 0.001
and R? = 0.45).

For the entire study period (2004 to 2018)
agricultural land increased from 15,915 km? to
17,662 km?, the forest area increased from 31,564 km? to
36,895 km? and orchard increased from 1,124 km’ to
2,814 km® Overall increase in total land area was
8,768 km’ from 2004 to 2018. On the other hand area of
grassland was declined from 254,197 km? to 186,447 km?,
i.e., by 67,750 km? during this period. This decline in
grassland area was much higher as compared to total
increase in three types of land, i.e., forest, orchard and
agricultural land. Due to this reason the average NDVI
value of the entire southern Xinjiang region indicated a
declining trend in this duration.

3.4. Multivariate association between dust storms,
meteorological factors and the LUCC

Principal component analysis was used to further
elaborate the relationship among dust storm occurrence,
LUCC and meteorological elements. (Yan et al., 2016;
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TABLE1

Multivariate association between dust storm, meteorological
factors and LUCC

Principal components

Variables
1 2 3

Frequency of suspended dust 0.049 0.835 -0.098
Frequency of blowing dust 0.082 0.513 0.012
Frequency of sand storm -0.039 0.409 0.087
Precipitation -0.451  -0.792 -0.003
Temperature 0.192 -0.103 0.552
Wind speed 0.113 0.686 -0.091
Population 0.593 0.267 0.034
NDVI -0.002  -0.835 -0.118
Agricultural land area 0.441 0.047 -0.084
Orchard area 0.633 0.067 0.186
Forest area 0.549 0.182 0.134
Grassland area -0.714  -0.035 0.006
Wetland area -0.583 0.130 0.657
Residential &Industrial land area  0.663 0.149 -0.042
Unused land area -0.643  -0.123 -0.145

Percentages of variance (%) 49.3 31.2 7.4
Communality percentages of 493 805 87.9

variance (%)

Note : Extraction method: Principal Component Analysis. Rotation
method: Varimax with Kaiser Normalization

Jiang et al., 2016). The results of the PCA are presented in
Table 1.

The PCA with a Varimax rotation generated three
principal components (PC), which can clearly explain
87.9% of the total variance of the original dataset, as
presented in Table 3.

Component 1, explains 49.3% of the variance. It
carries information regarding population, land use types of
agricultural land, orchard, forest and residential &
industrial land areas with positive loadings, while
information about precipitation, wetland, grassland and
unused land areas have negative loadings. The
agricultural, residential & industrial lands forest and
orchard lands and were extended and revealed
positive correlation with population growth. During
the same time period as grassland, wetland and unused
land were changed into other land types, so they had a
negative correlation with population growth and other
land types.

Component 2, which explains 31.2% of the total
variance, revealed high positive loadings for frequency of
three types of dust storm weather (suspended dust,

blowing dust and sand storm) and wind speed, while
negative loadings for NDVI value and precipitation.
Precipitation is required to increase vegetation growth and
high vegetation cover can decrease dust storm incidence.
Hence, as a direct consequence of vegetation cover, the
NDVI value has positive correlation with precipitation but
it is negatively correlated with occurrence of three types
dust storm. In addition, as a major driving force of dust
storms, a positive correlation has been found between the
wind speed and dust storm frequency with a high loading.
The third component explains 7.4% of the total variance
with high loadings of temperature and wetland, that
indicates there probable positive association.

It is obvious that dust storm events occur as a
consequence of combined effects of wind meteorological
as well as land use factors. However, land use factors can
be linked more with human activities which greatly
influence the dynamics of dust storms by altering the
vegetation cover which ultimately affects dust emission.
Human development activities, such as excessive
cultivation, over grazing, forest cutting and over-
exploitation of water resources significantly reduced
the vegetation cover. It was obvious that the NDVI
would show more significance in component 1 where
most of the human variables were present. The linear
regression analysis in Fig. 4 also indicated the same
relationship.

4., Conclusions

(i) Significant correlation existed between dust storm
frequency and wind speed. Being the major dynamic force
behind dust storm formation the wind characteristics play
a major role in deciding the size, duration and intensity of
dust storms. The annual precipitation was found to be
negatively correlated with dust storm events. Precipitation
enhances vegetation growth, increase soil moisture hence
reduces the likelihood of dust events. This study did not
show any significant correlation between dust storm
frequency and temperature mainly due to the involvement
of many variables. Specifically, when temperature
surpasses a threshold value, vegetation cover, wind speed
and other drivers would influence the onset of dust storm
events more than temperature.

(ii) Vegetation cover is an important land surface feature
that influences dust storm frequency. The surge in
vegetation can inhibit the incidence of dust storms. A
linear regression between the NDVI and dust storm
incidence in the study area manifested a negative slope.
Formation of dust storms can also be influenced by
population growth as it changes certain land surface
characteristic. Rapid increase in population replaced the
forest land, grassland and other non-cultivated land with
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residential or arable land This cultivated land does not
have any vegetation cover during spring periods so it turns
into a source of dust particles.

(iii) The multivariate analysis further confirmed the
association between three types of dust storm frequency,
meteorological factors and the NDVI. High loadings of
dust storm frequency, wind speed, precipitation and NDVI
on a PC indicate that the increased precipitation and
NDVI will decrease dust storm frequency and increased
wind speed will increase dust storm frequency. PCA
results however did not reveal a direct association
between NDVI and various land use types changes which
may be due to the fact that NDVI is a combined indicator
of various land use types. These land use types might have
compensatory changes hence were not reflected in this
combined indicator.

(iv) The results of this study also confirmed that dust
storm is the outcome of interactions between weather
process and human activities. As humans have limited
ability to control the weather, so protection and
improvement of ecology must be the key strategies to
minimize the risk of dust storm disasters. In addition, the
rapid population growth has demolished vegetation cover
and exposed new sand sources that have contributed to
dust storm formation in south edge of Taklimakan desert.

Disclaimer : The contents and views expressed in this
research paper/article are the views of the authors and do
not necessarily reflect the views of the organizations they
belong to.
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