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Abstract The Taklimakan Desert of China is a region of

frequent sandstorms and, thus, is a major sand and dust

source area. Tazhong, a small mining village, is located

near the center of the Taklimakan Desert at a distance of

220 km from the desert margins. Near Tazhong, we con-

ducted a 2-year field investigation designed to monitor the

diurnal variation of saltation activity using fast-responding

piezoelectric saltation sensors (Sensits). Results suggest

that saltation activity tends to occur more frequently during

daytime in all seasons, relatively high levels of saltation

activity are maintained from around 11:30 to around 16:30

local standard time (LST), because of stronger wind speed,

higher soil temperature and lower relative humidity. Dur-

ing the spring and summer seasons, the saltation activity

can occur at any time of the day, while there are some

periods with zero saltation seconds at night and in the early

morning during autumn and winter seasons. The results

confirm that sandstorms tend to occur more frequently

during daylight hours, so it may be helpful to forecast and

guard against the occurrence of blowing sand or sand-

storms in the Taklimakan Desert.
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1 Introduction

Aeolian sand transport is a serious problem in many arid

regions in the world, and it is considered to be the signif-

icant part of global biogeochemical cycles (Liu 2009;

McTainsh and Strong 2007). Saltation plays a key role in

aeolian sand transport studies because saltating grains

account for about 50–75 % of the total aeolian transport

(Bagnold 1941; Chepil 1945). Much research work on

saltation has been carried out including field experiments

(Bagnold 1941; Chepil 1945; Douglas et al. 2011; Gillette

and Walker 1977; Stout 2003; Yang et al. 2012), wind

tunnel experiments (Dong et al. 2006; Remigius 2003; Van

Pelt et al. 2006), theoretical analyses (Bauer et al. 1998)

and numerical simulations (Jasper and Nilton 2009; Shao

2008; Van Boxel et al. 1999; Zheng et al. 2003).

Many researches indicate that atmospheric conditions

are important environmental controls of aeolian sand

transport. For example, wind speed is an important dynamic

factor of aeolian sand transport, and the erosion process

occurs only when the wind speed exceeds the threshold

velocity (Bagnold 1941). Temperature, atmospheric mois-

ture and soil moisture are other important impact factors of

aeolian sand transport. Dust storms are observed to easily

occur in winter on the Canadian prairies, and particularly in

early spring, as frost action pulverizes the soil clods

(Wheaton and Chakravarti 1990), and the aeolian transport

more easily occurs in cold deserts because of the aerody-

namic drag required to entrain sand sized particles can be

30 % lower in cold settings, as compared to hot deserts

(McKenna Neuman 2003). Atmospheric moisture and soil

moisture can influence the aeolian sand transport through

changing the threshold velocity, but the relationships are

complex, because the threshold velocity does not always

decrease with increasing atmospheric moisture or soil
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moisture (Ravi et al. 2004; Ravi and D’Odorico 2005;

McKenna Neuman and Sanderson 2008; Sankey et al. 2009).

Stout (2010) has observed that sand movement occurs more

frequently during the day because of strong winds, low

humidity, and a sun-dried sand surface with the lowest pos-

sible threshold velocity. In all, the atmospheric conditions,

such as atmospheric moisture, soil moisture and atmospheric

temperature, acting independently or dependently as controls

on aeolian sand transport through the following physical

processes: (1) The effect of atmospheric viscosity and density

on the fluid drag force acting to dislodge sand particles; (2) the

effect of viscosity on the turbulent wake shed from these

particles, and the frequency and magnitude of burst-sweep

events and; (3) the variations of inter-particle cohesion via

adsorbed water (McKenna Neuman 2003).

The objective of this study is to analyze the diurnal

variations of saltation activity in different seasons and its

influencing factors, such as wind speed, surface tempera-

ture, soil moisture and relative humidity based on 2 years

of measurement of active aeolian processes at Tazhong, the

hinterland of the Taklimakan Desert.

2 Methods

2.1 Physical setting

The Taklimakan Desert, located in the central part of the

Tarim Basin in the Uygur Autonomous Region of Xinjiang,

northwestern China (Fig. 1), is the second largest shifting

sand desert in the world with about 85 % of its environment

made up of shifting sand dunes (Sun and Liu 2006). It is

known as an important sand and dust source area and a high

incidence area of sandstorms in China (Qian et al. 2002;

Fig. 1 Location of the Taklimakan Desert within the Tarim Basin.

Tazhong is located on the center of the Taklimakan Desert. The inset
shows the location of the Tarim Basin (yellow area) within Asia. In

the satellite photograph, the black dot is the location of the

observation site. The satellite photograph shows that Tazhong area

is mainly covered by longitudinal dunes, the observation site is

located on a flat sandy land between two longitudinal dunes
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Wang et al. 2000; Zhou et al. 2002). The sandstorms, pri-

marily a product of wind erosion in this region, have greatly

influenced climatic change in East Asia (Zhao et al. 2006).

Sand encroachment associated with sandstorms has also

damaged oases within the Taklimakan Desert.

Tazhong has a linear distance of 220 km to the desert

edge. There is almost no vegetation and the climate is very

dry with a precipitation of 25.0 mm per year. The average

number of days of sandstorms and blowing sand in any

given year is about 100 days annually (Wang et al. 2003).

The observation site chosen for this study is a flat sandy

area, consisting of shifting sand surface. Laboratory test

results show that the Sensit-H11LIN could not respond to

suspended fine dust (less than 50 lm) (Sensit Company

2007), so 21 samples of surface sand (including dune sand,

flat sandy land sand) were obtained from the site and its

surrounding area, and measured to obtain the grain size

distribution. The results showed that these sands are mainly

‘fine sand’ and ‘very fine sand’ with an average grain size

of 147 lm. About 0.3 % of the grains are smaller than

50 lm and only 7.6 % have grains greater than 250 lm.

2.2 Monitoring methods

The measurements were taken during 24 months, from 1

September 2008 to 31 August 2010. A measurement sys-

tem was installed on the observation site which consisted

of a 2-m tall meteorological tower, a piezoelectric saltation

sensor (Sensit) and a data collector (CR1000 Campbell)

(Fig. 2). Wind speed was measured with WAA151 ane-

mometers (Vaisala) mounted at the heights of 5, 10, 20, 50,

100, and 200 cm. Instrument for measuring relative

humidity and air temperature (HMP45D Vaisala) was

mounted at a height of 1.5 m above the surface. Soil tem-

perature measuring instrument (109 Campbell) was moun-

ted at a height of 0 cm above the surface. Soil moisture

instrument (CS616 Campbell) was mounted at a depth of

2.5 cm below the surface. All meteorological variables

were measured at a frequency of 1 Hz and averaged every

5 min.

Saltation activity was monitored with piezoelectric sal-

tation sensor (Sensit). The Sensit is designed to produce a

pulse signal each time the transducer is impacted by a

saltating sand particle. During periods of active saltation,

the piezoelectric transducer produced a signal that was

used simply as an on-or-off indicator of saltation activity.

Each pulse signal generated by each particle impact was

detected and if one or more impacts were detected during a

given second then that second was registered as one ‘sal-

tation second’ (Stout 2003). At the end of each 5-min

period, the total number of saltation seconds was summed

and recorded in the data collector. The transducers of the

Sensit were located 5 cm above the surface.

In this study, the total number of saltation seconds was

summed for a given ‘time of day’ for autumn, winter,

spring, summer, and all days by summing all saltation

Fig. 2 Photograph of the 2-m meteorological tower and piezoelectric saltation sensor (Sensit)
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seconds of every 5-min period for the entire measurement

period. The values of wind speed, surface temperature, soil

moisture and relative humidity were averaged for a given

‘time of day’ in the same way that the saltation seconds

were summed. The peak values and its appearing time,

peak zones (more than average value), standard deviation,

skewness and kurtosis of the diurnal distributions of sal-

tation seconds in different seasons were computed so as to

compare the distributions quantitatively.

Following Stout (2004), the critical threshold wind

velocity was computed using the following equation:

ut ¼ �u� r � U�1ðcÞ; ð1Þ

where ut is the critical threshold wind velocity, �u is the

average wind velocity per minute, r is the standard devi-

ation of wind velocity per minute, c is the intensity of

saltation activity which is higher than zero and less than

one. When c = 1, it indicates continuous occurrence of

saltation during observation; when c = 0, there is no sal-

tation activity occurring; U-1 is the inverse of normal

distribution function of c. Critical threshold was deter-

mined at 5-min intervals for saltation activity values

between 0.02 and 0.98 (Stout 2004).

3 Results and discussion

3.1 Diurnal variations of saltation activity

Figure 3 shows the diurnal distribution of saltation seconds

of all days. It can be found that the shape of the distribution

curve is an unstandard bell-shaped with some fluctuations,

indicating that more saltation activity would occur during

daytime. The data show that 83 % of the total saltation

seconds occur during daytime (08:00–20:00 LST), and

only 17 % of the saltation seconds occur at night and early

morning (20:00–08:00 LST). The lowest values of saltation

seconds appear at the early morning period between 04:00

and 05:00 LST, with a minimum appearing at 04:30 LST.

After 06:00 LST, there is a rapid rise in saltation seconds,

especially from 07:00 to 09:00 LST. Relatively high levels

of saltation activity are maintained from 11:30 to 17:30

LST with peak value appearing at 14:20 LST. After that, a

rapid decrease in saltation seconds occurs and reaches a

low point at night at 23:05 LST.

The diurnal distribution of saltation activity at Tazhong

is similar to the research result of high plains of the Llano

Estacado by Stout (2010), but there are some distinct dif-

ferences between them. These differences include the time

of the lowest values, peak values, the rapid rise and

decrease in saltation activity. In particular, the curve of

rising and decreasing parts is steeper in the high plains of

the Llano Estacado. These differences reflect the influence

of different natural environmental conditions on saltation

activities. For example, the high plains of the Llano Esta-

cado are in a semi-arid region in North America, whereas

Tazhong of the Taklamakan Desert is in arid or very arid

region in Central Asia. The high plains are located at

32�N latitude whereas Tazhong is located at 39�N latitude.

The environmental differences include vegetation cover,

topography and geomorphology, soil composition, and

atmospheric conditions such as soil moisture, atmospheric

moisture, atmospheric temperature and wind speed. These

are important influencing factors of aeolian sand transport

(Allgaier 2008; Shi and Huang 2010; Chen et al. 1996;

Cornelis 2006; Davidson-Arnott et al. 2008; Fecan et al.

1999; McKenna Neuman 2003; McKenna Neuman and

Langston 2006; McKenna Neuman and Sanderson 2008;

Ravi et al. 2004; Ravi and D’Odorico 2005; Sankey et al.

2009; Wiggs et al. 2004). In addition, it is well known that

the length of the day can vary more widely during summer

at high latitudes, so the span of bell-shaped distribution

curve of saltation seconds at Tazhong is wider than that of

the high plains.

Figure 4 shows the diurnal distributions of the saltation

seconds during autumn, winter, spring and summer sea-

sons. Overall, the diurnal distributions of the seasons are

similar to all days, the shape of the distribution curves are

unstandard bell-shaped too. However, some differences

among seasons can be found upon close inspection; some

statistical parameters are shown in Table 1. The peak

values are 2,777, 928, 8,924, 7,435 s, respectively, during

autumn, winter, summer and spring, and appear, respec-

tively, at 13:55, 14:35, 15:00 and 14:05 LST. Peak zones

(more than average value) of saltation activity are main-

tained between 8:20–18:05, 9:25–16:45, 8:15–18:50, and

7:35–18:10 LST, respectively. Compared to spring and

summer, the start of peak zones appears later and ends

Fig. 3 Diurnal distribution of the saltation seconds measured over

24 months from 1 September 2008 to 31 August 2010. Values

represent the total number of saltation seconds for a given 5-min

interval that defines the ‘time of day’
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earlier during autumn and winter, and is particularly more

pronounced during winter. Therefore, the duration of peak

zones of saltation activity is shorter during autumn and

winter. The standard deviation is 2,819.4 for spring,

2,130.9 for summer, 827.3 for autumn, and 256.1 for

winter, indicating that the data distribution during spring is

most discrete. Results show that the values of skewness are

0.75, 1.33, 0.47 and 0.22, respectively, in autumn, winter,

summer and spring, indicating that all the diurnal distri-

bution of saltation seconds is negatively skewed, while the

distribution in summer is closest to normal distribution.

The values of kurtosis are -0.88, 0.23, -1.35 and -1.57,

respectively, in autumn, winter, summer and spring, indi-

cating that the curves of diurnal distribution of saltation

seconds are more flat than normal distribution, and the

curve of winter is most steep in all seasons.

There is no period with zero saltation seconds during

spring and summer, indicating that saltation activity could

occur at any time including at night and early morning,

while there are some periods with zero saltation seconds

during autumn and winter. During winter, the periods with

zero saltation seconds account for 22.9 % of the time of

day, the periods with zero saltation seconds mainly appear

at night and in the early morning, and even in the evening.

3.2 Climatic factors

Figure 4 shows the diurnal distributions of wind speed and

saltation seconds. Generally, we found relatively strong

winds during the day and lighter winds at night during all

seasons, which is similar to the distributions of saltation

seconds. Especially during summer, the curve of wind speed

is roughly in full accord with saltation seconds, which shows

that wind speed plays a key role in the saltation activity.

Interestingly, compared to spring and summer, the rapid

rise in wind speed appears later and the rapid decrease

appears earlier in autumn and winter. This is similar to the

result reported by Stout (2010), the initial rapid increase in

saltation activity tends to lag the morning rise in wind

speed by about 30 min to an hour and the decrease in

saltation activity tends to forge ahead downward wind

speed in the afternoon. The lag is most likely caused by the

fact that wind speed must first rise to a point where it

exceeds the critical threshold of the surface before sand

movement will occur. Due to this threshold effect, a time

lag occurs between the initial increase of wind speed and

saltation activity (Stout 2010).

Figure 5 shows the diurnal distributions of surface

temperature and saltation seconds. The peak values of

Fig. 4 Comparison of the

diurnal distributions of saltation

seconds with the diurnal

distributions of mean 5-min

wind speed at 2 m heights

Table 1 Parametric statistics of

diurnal distribution of saltation

seconds in different seasons

Seasons Diurnal distribution of saltation seconds (s)

Peak

values

Appearing

time

Peak zone (more

than average value)

Standard

deviation

Skewness Kurtosis

Atumun 2,777 13:55 8:20–18:05 827.3 0.75 -0.88

Winter 928 14:35 9:25–16:45 256.1 1.33 0.23

Spring 8,924 15:00 8:15–18:50 2,819.4 0.47 -1.35

Summer 7,435 14:05 7:35–18:10 2,130.9 0.22 -1.57
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surface temperature appear between 12:40 LST and 13:20

LST, which tends to coincide with the peak values of

saltation seconds. We know that the thermodynamics and

dynamic factors are the main causes of saltation activity.

The changes in surface temperature can impact the heat

exchange between the surface and atmosphere, and strong

heat exchange between the surface and atmosphere aids the

occurrence of saltation activity. Generally, the temperature

difference is higher between surface temperature and

atmosphere temperature during the daytime, allowing for a

stronger heat exchange than other times, and triggering

saltation activity. The strongest heat exchange between the

surface and atmosphere would occur when the surface

temperature reaches its peak, so the peak values of saltation

seconds follow later than that of surface temperature.

Surface moisture can influence the critical threshold,

which, in turn, influences saltation activity (Wiggs et al.

2004). Stout (2007) found that the critical threshold of a

sand surface may be slightly higher in the early morning

due to surface moisture or dew. In this study, we measured

the soil moisture of 2.5 cm below the surface because the

surface of measurement site was covered by shifting sand,

which made direct measure of surface moisture impossible.

Figure 6 shows the diurnal distributions of soil moisture

and saltation seconds of the measurement period. It is

interesting to note that the diurnal distribution of saltation

seconds is consistent with the diurnal distribution of soil

moisture; relatively high soil moisture appears during the

day and lower soil moisture appears at night. This may be

due to moisture transfer, as a result of evaporation, from

Fig. 5 Comparison of the

diurnal distributions of saltation

seconds with the diurnal

distributions of mean 5-min

surface temperature. Here, the

surface temperature is soil

surface temperature

Fig. 6 Comparison of the

diurnal distribution of saltation

seconds with the diurnal

distribution of mean 5-min soil

moisture. Here, the values of

soil moisture are volume

fraction, and the measurement

depth is 2.5 cm
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the deeper layer of soil to the top layer, causing high sur-

face soil moisture during the day. It is necessary to measure

the surface moisture in the next study.

With respect to relative humidity, research shows that

threshold wind speed depends significantly on air humidity

because of the variations of inter-particle cohesion via

adsorbed water (McKenna Neuman 2003; McKenna Neu-

man and Sanderson 2008; Ravi et al. 2004; Ravi and

D’Odorico 2005; Sankey et al. 2009). In this study, the

critical thresholds of four seasons are calculated with the

method following Stout (2004). During all seasons (Fig. 7),

the critical thresholds are higher in the morning and

evening (when the relative humidity is higher), and lower

between 10:00 and 16:00 during autumn, spring and sum-

mer, and between 11:00 and 15:00 during winter (when the

relative humidity is lower), which is consistent with the

results reported by Stout (2007).

Figure 8 shows the diurnal distributions of relative

humidity and saltation seconds. The relative humidity is

higher between 6:00 and 9:00 LST in autumn and win-

ter, and between 05:00 and 08:00 LST in spring and

summer, this indicates that the critical thresholds are

higher during these time. After that, the relative humidity

decreases rapidly, resulting in a lower critical threshold.

This allows the sand to respond more directly to rising

wind speeds.

Overall, favorable climatic conditions are helpful to the

occurrence of saltation activity. High level saltation activity

occurs during the daytime, with the stronger wind speed,

higher surface temperature and lower relative humidity.

Fig. 7 Measurements of relative humidity (1.5 m) and critical threshold (2 m) obtained over a 24-h period during all seasons

Fig. 8 Comparison of the

diurnal distributions of saltation

seconds with the diurnal

distributions of mean 5-min

relative humidity mounted at

a height of 1.5 m above the

surface
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4 Conclusion

A 2-year continuous monitoring of saltation activity was

completed using piezoelectric saltation sensors (Sensit) on

a flat sandy surface of Tazhong. The diurnal variations in

saltation seconds were recorded in detail. The results of

diurnal variations in saltation seconds are consistent with

the diurnal variations of wind speed, surface temperature

and relative humidity. This indicates that the Sensit is

better suited to monitor the aeolian activity in the Takli-

makan Desert.

Overall, the diurnal variations in saltation activity tend to

be uniform in different seasons, which is to say that saltation

activities occur more frequently during the daytime and less

frequently at night. The differences in diurnal variations in

saltation activity in different seasons may reflect the differ-

ences in climatic factors and natural environments.

Climatic conditions have been shown to be important

environmental controls for saltation activity (Chen et al.

1996; McKenna Neuman 2003; McKenna Neuman and

Sanderson 2008; Ravi et al. 2004; Ravi and D’Odorico

2005; Sankey et al. 2009). In this study, favorable climatic

conditions, such as stronger wind speed, higher soil tem-

perature and lower relative humidity, aid in the occurrence

of saltation activity. In an arid region as Tazhong, wind

plays a main role in saltation activity, as illustrated

in Fig. 4, especially the variations reported during the

summer.
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