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Abstract: 15 

Near-surface (10 m) wind speed (NWS) plays a crucial role in many areas, including the hydrological 16 

cycle, wind energy production, and the dispersion of air pollution. Based on wind speed data from 17 

Tazhong and the northern margins of the Taklimakan Desert in Xiaotang in spring, summer, autumn, and 18 

winter of 2014 and 2015, statistical methods were applied to determine the characteristics of the diurnal 19 

changes in wind speed near the ground and the differences in the wind speed profiles between the two 20 

sites. The average wind speed on a sunny day increased slowly with height during the day and rapidly 21 

at night. At heights below 4 m the wind speed during the day was higher than at night, whereas at 10 m 22 

the wind speed was lower during the day than at night. The semi-empirical theory and Monin-Obukhov 23 

(M-O) similarity theory were used to fit the NWS profile in the hinterland of the Tazhong Desert. A 24 

logarithmic law was applied to the neutral stratification wind speed profile, and an exponential fitting 25 

correlation was used for non-neutral stratification. The more unstable the stratification, the smaller the n. 26 

Using M-O similarity theory, the “linear to tens of” law was applied to the near-neutral stratification. 27 

According to the measured data, the distribution of 
Mφ with stability was obtained. The 

mγ  was obtained 28 

when the near-surface stratum was stable in the hinterland of Tazhong Desert and the 
mβ  was obtained 29 

when it was unstable. In summer, mγ  and 
mβ were 5.84 and 15.1, respectively, while in winter, 

mγ  and 30 

mβ  were 1.9 and 27.1, respectively. 31 

Keywords: Desert hinterland, Surface layer, Diurnal variation,Profile,Taklimakan Desert 32 

1. Introduction 33 

Near-surface (10 m) wind speed (NWS) and temperature are important parameters for studying 34 



atmospheric dynamics and climate change. Research on wind speed and temperature changes will 35 

improve our understanding of atmospheric circulation, leading to better climate analyses and 36 

predictions. The NWS is one of the key variables in climate research. Changes in the NWS have 37 

significant implications for human society and the natural environment (Pryor et al., 2006). The 38 

intensification of NWS may aggravate soil erosion, resulting in more severe sandstorms (Alizadeh-39 

Choobari et al., 2014; Wang et al., 2017). Over the past decade, scientists have conducted studies to 40 

determine the trends in wind speed at the height of 10 m near the surface (McVicar et al., 2012). 41 

Globally, wind speeds have recovered slightly since the 2010s, particularly in Central and East Asia 42 

(Kim and Paik, 2015; Dunn et al., 2016; Azorin-Molina et al., 2017a；Ming, H，2019). The observed 43 

upward trend in the global ocean surface has revealed the complexity of decades of wind speed 44 

changes (Wentz et al., 2007; Tokinaga and Xie, 2011; Young et al., 2011). In addition, variations in 45 

wind speed above and below the boundary layer suggest many uncertainties behind the stationary 46 

phenomenon. As a product of the atmospheric boundary layer, near-surface wind is transient in 47 

nature and is affected by topography and boundary layer processes (Mahrt, 2009; Beluˇ si´ c and 48 

Güttler, 2010; Güttler and Beluˇsi´ c, 2012). 49 

The stability of the near-surface layer has a significant relationship with the near-surface wind. 50 

Previous studies have shown that near-surface stability was comprehensively affected by surface 51 

and boundary layer processes. In a stable stratified boundary layer environment, the net downward 52 

flow of warm air leads to an increase in surface temperature. In the daytime, when the rate of decline 53 

is negative, the net downward transport of cold air will cause a ground cooling effect. 54 

Studies of the atmospheric boundary layer in arid regions are an important part of climate 55 

research in arid regions (Li et al., 2017). Similarity theory is one of the most important analysis and 56 

research methods in atmospheric boundary layer meteorology. After establishing the relatively 57 

mature Monin-Obukhov (M-O) similarity theory for describing the atmospheric near-surface layer, 58 

researchers have attempted to develop a similar similarity theory for the whole boundary layer. The 59 

atmospheric boundary layer is also the main characteristic quantity for assessing turbulent mixing, 60 

vertical disturbance, convective transmission, cloud belts, atmospheric pollutant diffusion, and 61 

analyzing atmospheric environmental capacity (Therry and Lacarrere, 1983; Holtslag and Boville, 62 

1993; Hong and Pan, 1996; Beyrich, 1997; Collier et al., 2005). Earlier studies of the boundary layer 63 

mainly focused on the near-surface layer. The development of turbulence theory and technological 64 

developments in measuring atmospheric processes have promoted research on the atmospheric 65 

boundary layer (Monin and Obukhov, 1954；Johnson, B.D.2021). The structure of the atmospheric 66 

boundary layer and its evolution have significant diurnal characteristics. After sunrise, solar 67 

radiation heats the ground. The increase in the heat flux generated by the near-surface layer 68 

strengthens turbulent mixing, the height of the atmospheric boundary layer increases, and the heat 69 

content of the boundary layer also increases. It mixes uniformly and the wind speed, temperature, 70 

and specific humidity change little with height. This is referred to as the mixed layer. After sunset, 71 

long-wave radiation is emitted from the ground, which cools down, resulting in a weakening of 72 

turbulent transport. The near-surface layer forms a stable boundary layer, and the upper mixed layer 73 

rises from the ground. During this uplift, the atmospheric turbulence characteristics are significantly 74 

weakened, but the distribution of meteorological elements in the mixed layer during the day are still 75 

maintained. This layer is obviously different from the upper free atmosphere, and is called the 76 

residual layer. Because there is often an inversion layer on the top of the atmospheric boundary layer, 77 

the upward development of turbulent mixing is inhibited, and therefore a boundary is formed 78 



between the atmospheric boundary layer and the free atmosphere. Due to the differences in the 79 

thermal properties of the topography and underlying surface, the height of the atmospheric boundary 80 

layer presents obvious spatial variation characteristics. Although the Taklimakan Desert in China 81 

and the Pearl River Delta have similar frequencies of boundary layer occurrence, the average 82 

atmospheric boundary layer height in the Taklimakan Desert is significantly higher (Zhang, 2017). 83 

Therefore, in different locations and under different weather backgrounds, the height of the 84 

boundary layer can be very different. 85 

With the completion of the ecological protection barrier along the highway of the Taklimakan 86 

Desert and the restored green spaces of the oil base in the hinterland of the Taklimakan Desert, the 87 

nature of the regional underlying surface has changed, resulting in changes in surface wind speed. 88 

In the context of climate change, the Taklimakan Desert climate is essentially a complex of basin 89 

and desert climates, resulting in an extreme arid continental climate. 90 

This study used wind speed data collected by the gradient system of the Taklimakan Desert 91 

Tazhong and Xiaotang 10 m meteorological observation towers to analyze the characteristics of the 92 

wind speed diurnal variation in the surface layer at different observation stations in the Taklimakan 93 

Desert from August 2014 to May 2015. A comparison of the exchange rates between different wind 94 

speed profile models in the Taklimakan Desert provided observational data for the development of 95 

near-surface atmospheric observation experiments and atmospheric environment research in the 96 

Taklimakan Desert. This will be useful for understanding the factors controlling the microclimate 97 

of the farmland around the Tarim Basin, improving the near-surface model of the soil-vegetation-98 

atmosphere system, and better understanding the local agrometeorology. The level of technology in 99 

the area was of great significance in the study. 100 

2. Materials and methods 101 

The Taklimakan Desert, located between the Tianshan and Kunlun Mountains, is a closed 102 

inland basin. While the east of the desert is bounded by the Gobi Desert, the other three sides are 103 

surrounded by mountains, including the southern Tibetan Plateau, the Pamir Plateau in the southwest, 104 

and the Tianshan Mountains in the north and northwest. Due to this special terrain and geographic 105 

location, it is difficult for ocean currents to penetrate the Tarim Basin. the Taklimakan Desert 106 

therefore has a typical continental climate, with an abundance of light and heat, little precipitation, 107 

strong sunshine, sandy weather, and large temperature differences between day and night, and the 108 

different seasons. In this study, two typical observation stations were selected in Xiaotang and 109 

Tazhong (Fig. 1). Xiaotang observatory (40°48.126 ′N, 84°18.211
′

E, altitude 912 m) is located on 110 

the northern edge of the Taklimakan Desert, about 40 km from the Tarim River. It is a typical desert 111 

hinterland-desert-oasis transition zone. The underlying surface is flat sandy land, with ancient river 112 

bed in some areas, and there is no vegetation. The station is located on the south bank of an ancient 113 

river bed. An area of mobile dunes is located about 250 m to the south, and mainly consists of 114 

crescent dunes and compound crescent dune chains. The dune landform belongs to the ancient Tarim 115 

River alluvial-flood plain, and is the intersection of two desert areas. The area has an inland warm 116 

temperate desert climate, which is subject to drought and little rain. The annual average wind speed 117 

is 2.5 m·s-1, with a maximum in spring and summer, and a minimum in winter. The change of air 118 

temperature at Xiaotang station is similar to that of wind speed, with the maximum in June–July 119 

and the minimum in December–January. The change of wind speed and air temperature has an 120 

obvious synchronization. Most (80%) sandstorms occur in spring and summer, with the lowest 121 



frequency in winter. The annual average wind speed is 2.8 m/s, and the average temperature is 122 

11.2°C. Tazhong is located in the center of the hinterland of the Taklimakan Desert (83°39' E, 38°58' 123 

N), with the highest temperature in summer of 46.0°C, and the lowest temperature in winter of -124 

25.0°C. The average temperature of the four seasons is 13.6°C, the average annual precipitation is 125 

about 25.9 mm, and the evaporation is about 3,812.3 mm. The regional climate is abnormal, the 126 

vegetation coverage is extremely low, and only cold and drought-resistant shrubs (e.g., Haloxylon 127 

ammodendron) can survive. The peak period of dust storms is from March to August every year. 128 

The frequency of dust storms at 12 m above the ground is about 500 per year. The normal average 129 

wind speed is 2.5 m·s-1, and the sand activity intensity index reaches a maximum value of about 130 

8000 each year. The prevailing wind direction is northeast and northwest. 131 

 132 

Figure 1. Map of the study area.  133 

 134 

In this study, a windsonic two-dimensional ultrasonic wind speed and direction sensor (1590-135 

PK-020, Campbell Scientific, Logan, UT, USA) and temperature and humidity sensor (1590-PK-136 

020, Campbell Scientific) installed on meteorological observation towers were used to conduct 137 

parallel comparative experimental observations of microclimate elements in Tazhong and Xiaotang 138 

from January 1, 2014 to December 31, 2015 (Fig. 2). The wind speed and direction sensor had a 139 

starting wind speed of 0.01 m/s; precision of wind speed ± 2%; range of 0–60 m/s and 0–359°; and 140 

resolution of 0.01 m/s and 1°. The range of the temperature sensor was -80–60 °C, the accuracy was 141 

± 0.17°C, and the resolution was 0.1°C. The wind speed, temperature, and relative humidity data 142 

used in the study were obtained at the height of 10 m. The data used were subjected to quality control, 143 

including the synchronous calibration of the two observation points, the logical extremum of 144 

observation data, and a time consistency check. In this study, the four seasons were classed as spring 145 

(March to May), summer (June to August), autumn (September to November), and winter 146 

(December to February). January, April, July, and October were the representative months of winter, 147 

spring, summer, and autumn, respectively. 148 

 149 

Figure 2. The 10 m observation meteorological towers in Tazhong and Xiaotang. 150 

3. Results  151 

3.1 Diurnal variations of NWS  152 

Figures 3 (a), (b), (c), and (d) show the diurnal variations of mean wind speed in summer, 153 

autumn, winter, and spring. Using the ground meteorological data, typical sunny days in each 154 

seasonally representative month were selected to determine an average wind speed per hour. The 155 

sunny days in summer were August 27, 28, and 31, 2014, the sunny days in autumn were October 156 

3, 10, and 11, 2014, the sunny days in winter were January 4, 6, and 7, 2015, and the sunny days in 157 

spring were April 12, 13, and 15, 2015. Based on the average daily variation of the surface layer 158 

height in the four seasons, it was found that the daily variation of wind speed in Tazhong and 159 

Xiaotang on sunny days had two characteristics. First, there were two peaks and two low values in 160 

the daily variation of wind speed. The two peaks occurred at night and in the daytime, and the two 161 

low values occurred in the morning and evening, respectively. However, the magnitude and 162 

occurrence of wind speed were different in the different seasons. Second, there were two distinct 163 

forms of change in the lower and upper layers. In the lower layer, the daytime wind speed was 164 



greater than in the night, in the upper layer the nighttime wind speed was greater than during the 165 

daytime, and the middle layer was stable, but there were differences in each season 166 

3.1.1 Diurnal variations of NWS in summer 167 

The diurnal variations of surface wind speed in Tazhong and Xiaotang in summer are shown 168 

in Fig. 3 (a). The wind speed at different altitudes from 0.5 to 10 m displayed an increasing trend. 169 

The maximum wind speeds in each layer in Tazhong and Xiaotang were similar, with values of 170 

5.286, 5.525, 7.479, 8.030, and 8.905 m/s at 0.5, 1, 2, 4, and 10 m, respectively. From 0.5 to 2 m, 171 

the highest wind speed occurred at 3:00 at night and 15:30 in the daytime, and the lowest wind speed 172 

occurred at 0:30 and 23:30 at night. At 4 and 10 m, the wind speed in Xiaotang was larger than that 173 

in Tazhong at 0:30–13:30, and the wind speed difference was about 1–2 m/s. However, the situation 174 

at 13:30–23:30 was the complete opposite, with the wind speed in Tazhong being greater than that 175 

in Xiaotang. At 0.5–2 m, the situation between the two sites at 17:30–23:30 was also the opposite. 176 

Comparing the diurnal variation curves of wind speed at different altitudes, it was found that the 177 

wind speed increased continuously from 0.5 to 1 m. The wind speed at 0.5 m was below 5 m/s, 178 

while the wind speed at 2 m was always above 4 m/s. 179 

After sunrise (07.00) in the morning, due to the increasing solar altitude angle and the 180 

strengthening of turbulence exchange, the wind speed in each height layer increased rapidly. The 181 

average increase of wind speed in each height layer from 0.5 to 10 m was about 0.9 m/s per hour, 182 

until 10.00. However, the wind speed at Xiaotang and Tazhong in the 0.5 and 1 m layers displayed 183 

a sharp downward trend and then increased slightly until 16:30. At 2, 4, and 10 m, the wind speed 184 

increased relatively quickly until 19:00, at which point the wind speed began to decline sharply, 185 

leading to a diurnal difference in wind speed of about 6 m/s. After 18.00, with the decreasing solar 186 

altitude angle, the ground radiation balance decreased rapidly, the turbulence weakened, and the 187 

wind speed decreased rapidly. The decreasing trend in NWS was most obvious below 4 m, with the 188 

average wind speed decreasing by l m/s per hour. Due to the gradual formation of a near-surface 189 

inversion, the turbulence was further weakened, and the wind speed below 10 m continued to 190 

decrease, reaching a minimum at 21.00, with an average wind speed of less than 1 m/s from 21.00 191 

to 22.00. This may be because the valley between the large sand ridges alongside the tower was 192 

associated with downhill winds at this time. 193 

3.1.2 Diurnal variations of NWS in autumn 194 

Figure 3 (b) shows the diurnal variations of wind speed at 10 m height in Xiaotang and 195 

Tazhong in autumn, with the results being similar to those in summer. Overall, the diurnal variation 196 

of wind speed in Tazhong was greater than that in Xiaotang, especially in the 2, 4, and 10 m height 197 

layers from 09:30 to 23:30. In both Xiaotang and Tazhong, at 12:30 in the autumn the wind speed 198 

was high in the daytime at low levels and low in the nighttime at high levels. Compared with summer, 199 

the average wind speed in autumn was slightly lower. At 2, 4, and 10 m, the highest wind speed 200 

occurred at 03:30 at night and 09:30 in the daytime, with values of 7.9 and 8.79 m/s, respectively. 201 

The lowest wind speed occurred at 06:00, with values of 4.8 and 2.3 m/s, respectively. The 202 

difference between the maximum and minimum daily wind speed at 10 m was 3.5 m/s. The time at 203 

which the maximum wind speed occurred in Xiaotang was the opposite of that in Tazhong, i.e., the 204 

time of the minimum wind speed in Tazhong was the time of maximum wind speed in Xiaotang. 205 

The highest wind speeds at 10 m in Xiaotang occurred at 01:00 and 08:30 pm in the daytime, with 206 

values of 5.81 and 6.9 m/s, respectively. The lowest wind speeds occurred at 03:00 and 23:30, with 207 

values of 2.1 and 1.8 m/s, respectively. The average daily maximum wind speed was only 2.8 m/s 208 



larger than the minimum wind speed, and the daily variation of the low-level wind speed was much 209 

reduced compared with that in the higher layer. 210 

At 08:00, the NWS within 10 m in Tazhong and Xiaotang decreased rapidly, and at 15:30, the 211 

wind speed in each altitude layer decreased significantly. The decrease in Tazhong was greater than 212 

that in Xiaotang, with a difference of about 4 m/s, which was different from the pattern observed in 213 

the summer. In Tazhong, the wind speeds remained high but the wind speed curves at all five levels 214 

in the autumn daytime were more closely arranged than those in Xiaotang, indicating that the wind 215 

speed difference in the surface layer within 10 m during the autumn daytime was smaller than that 216 

in summer. The wind speed difference between the highest and lowest layers in autumn was 1–2.2 217 

m/s, which was about 0.5 m/s smaller than that in summer. 218 

3.1.3 Diurnal variations of NWS in winter  219 

As shown in Fig.3 (c), the diurnal variation of wind speed in the 10 m layer of Tazhong and 220 

Xiaotang in winter was generally small, and the wind speed in the whole 10 m layer was less than 221 

3 m/s. In the Xiaotang area, below 4 m from 00:30 to 09:00 the wind speed was maintained at about 222 

0.2 m/s. At 09:30, the wind speed began to increase, until at 23:30 it reached about 1.5 m/s. The 223 

wind speed trends in Tazhong and Xiaotang followed the completely opposite trend. From 00:30 to 224 

09:00 the wind speed at 0.5 m was greater than in the other layers, with a maximum of about 1.8 225 

m/s. In winter, the average wind speed in the daytime was larger than that in the nighttime above 2 226 

m. The highest wind speeds in Tazhong and Xiaotang generally occurred at 13:00 and 19:30 in the 227 

daytime, and the lowest wind speeds occurred at 21:00 and 06:00, respectively. The highest wind 228 

speeds at 10 m were 2.5 and 2.9 m/s, and the lowest wind speeds were 0.2 and 0.02 m/s, respectively. 229 

The average wind speeds at night in Tazhong and Xiaotang from 0.5 to 1 m were higher than in the 230 

daytime. The difference between the maximum and minimum wind speed at 10 m was only 1.3 m/s, 231 

which was smaller than in summer and autumn. After 10:30 in winter, the wind speed at each altitude 232 

increased slowly. This increase was small and occurred about 2 h later than in summer. After 10.00, 233 

the wind speed began to increase at 2 m, and then began to decrease until 16:30. This feature also 234 

occurred at 09:00 in autumn at 2 m. 235 

3.1.4 Diurnal variations of NWS in spring 236 

Figure 3 (d) shows the diurnal variations of surface wind speed in Tazhong and Xiaotang in 237 

spring. Similarly, to summer, the wind speed was high in daytime and low at night within 10 m. The 238 

wind speed in each layer in Tazhong from 09:30 was obviously larger than in Xiaotang, with the 239 

maximum difference in each layer being about 1–3.3 m /s. From the morning of the previous evening 240 

to 09:30 the next day, the trends in wind speed changes in Tazhong and Xiaotang were similar, with 241 

a stable transition and wind speed difference of about 0.9 m/s. The difference between the maximum 242 

and minimum daily average wind speed at each height in the tower was 5.3–6.1 m/s. The difference 243 

between the maximum and minimum daily average wind speed in each layer in Xiaotang was 2–3.1 244 

m/s. The diurnal variations of wind speed in the 0.5–2 and 2–4 m layers were similar. From 09:00 245 

to 12:30 in the morning, with the increase in the solar altitude angle, the turbulence exchange was 246 

enhanced and the wind speed increased rapidly. In the next 2 hours, the wind speed at 1 m increased 247 

from 0.5 to 4.1 m/s, at 2 m it increased from 0.3 to 4.5 m/s, at 4 m it increased from 0.1 to 5.8 m/s, 248 

and at 10 m it increased from 0.5 to 6.1 m /s. After 18:30, the wind speed at all altitudes showed a 249 

downward trend, although this was less obvious than that in summer and autumn. From midnight 250 

to sunrise, the NWS within 10 m was much smaller than that in summer, and was similar to that in 251 

winter. 252 



 253 

 254 

 255 

Figure 3. Diurnal variations of NWS in Tazhong and Xiaotang. 256 

3.2 Comparison of the different wind speed profiles  257 

A curve fitting of the variation in wind speed with height was applied to enable an 258 

understanding the near-surface meteorological characteristics in the hinterland of the Taklimakan 259 

Desert, as well as an in-depth understanding of the desert wind-sand movement law, and the 260 

development and utilization of wind energy resources. It is important to note that in the subsurface 261 

the wind direction does not change with height, and therefore the effect of Coriolis force in the 262 

subsurface can be ignored. The most commonly used methods for fitting the wind speed profile are 263 

the logarithmic law and the exponential law model. Based on a semi-empirical theory, an improved 264 

model of the variation of wind speed with height was established according to the M-O similarity 265 

theory. 266 

3.2.1 Wind speed profile model under a semi-empirical theory 267 

3.2.1.1 Wind speed profile under neutral stratification 268 

Thermal turbulence does not develop in neutral stratified air, with turbulent motion being 269 

completely dependent on the role of dynamic factors. Turbulent motion in the near-surface layer is 270 

very similar to the simulated turbulence in a wind tunnel. The relationship l=kz between the mixing 271 

length l and the vertical height z from the ground in a wind tunnel experiment was introduced into 272 

a near-surface layer under neutral stratification, where k is the Karman constant (generally 0.4). 273 

The relationship between shear stress and mixing length, and the average wind spee274 

d was substituted into l=kz : 275 

2

2 2 uτ=ρκ z
z

 ∂
 ∂ 

                           （1） 276 

By introducing the friction velocity *u , it was considered that 
*

τ
u

ρ
=  did not change 277 

with height in the near-surface layer, and Eq. (1) was rewritten to Eq. (2): 278 

 279 

*uu

z kz

∂
=

∂
                             （2） 280 

The pairwise (2) integral is: 281 

* ln
u

u z A
k

= +                           （3） 282 

A  is an integral constant. Many experiments have found that the height at which the average 283 

wind speed is zero typically occurs at a height z from the ground that is referred to as oz . 284 

If boundary conditions are applied: 0 0,z z u= =时,  Eq. (3) can be written as: 285 



*

0

ln
u z

u
k z

=                              （4） 286 

Equation (4) expresses a typical NWS profile under neutral stratification as a logarithmic wind 287 

speed profile. 288 

 289 

Figure 4. Average wind speed and logarithmic law curve fitting under neutral stratification in the 290 

middle of Tazhong tower. 291 

Figure 4 shows the average wind speed and logarithmic fitting under neutral stratification in 292 

the middle of the Tazhong tower, taking the y  axis as ln z . It can be seen from the diagram that 293 

the near strata in the tower are neutral layers and are very suitable for expressing a logarithmic 294 

distribution, with large correlation coefficients. The time period of the neutral stratification in the 295 

atmosphere was consistent with the transition period of the temperature profile. 296 

3.2.1.2 Wind velocity profile under non-neutral stratification 297 

Under non-neutral stratification, the wind speed profile will deviate from the logarithmic law, 298 

and can be expressed by a simple exponential law in the form of: 299 

1

1

n

z
u u

z

 
=  

 
                                   （5） 300 

where u is the average wind speed at height z and n is the stability parameter, which is 301 

expressed as a positive fraction, 0< n <1 302 

Figure 5. Fitting of the mean wind speed and exponential law under non-neutral stratification in 303 

the middle of Tazhong tower. 304 

Figure 5 shows the fitting of the wind speed profile under non-neutral stratification in Tazhong 305 

on August 25, 2014 with the exponential law. The fitting results were very good, and the correlation 306 

coefficients were all above 0.98. The stability parameters of each period were fitted. The stability 307 

parameter n was smaller in the daytime than in the night, changing from 0.145 to 0.140 from 10:00 308 

to 14:00 pm, indicating that the more unstable the stratification was, the smaller the n value was. 309 

After 20:00, the atmosphere gradually became stable with an n value of 0.284. With the gradual 310 

formation of a nighttime inversion layer, the n value increased, tending to 1. 311 

3.2.2 The wind speed profile model established by M-O similarity theory 312 

Under uniform and steady conditions, in the atmospheric layer where the wind direction was 313 

not significantly deflected with height, according to M-O similarity theory, the dimensionless wind 314 

speed gradient in the near-surface layer can be expressed as: 315 

*

M

kz u Zφ
u z L

∂  =  ∂  
                                   （6） 316 

where k  is the Kaman constant (generally 0.4), *u is the local friction velocity, and Mφ  is 317 



a general function. Under neutral stratification, 1Mφ = . According to the Businger-Nyer relationship, 318 

under non-neutral stratification the following expression applies: 319 

1 , 0M m

Z Z Zφ β
L L L

  = + 〉 
                          （7） 320 

1

4(1 ) , 0M m

Z Z Zφ γ
L L L

  = − ≤ 
                       （8） 321 

where L is the M-O stability constant, and mβ and mγ  are empirical constants determined 322 

by measured values. Due to the different data sources, the values of the empirical constants are 323 

different. 324 

3.2.1.1 The wind speed profile under near-neutral stratification 325 

When the atmosphere is close to neutral stratification, 1,
Z

L
  [Please insert the correct 326 

symbol and finish the sentence with a full stop rather than a comma] At this time, the general 327 

function is 1M

Zφ
L

  → 
 

. At the point where 0 is reached the formula is expanded according to 328 

the Taylor series and then the second order trace is omitted: 329 

1M

Z Zφ β
L L

  ≅ + 
 

                         （9） 330 

 331 

*

M

uu Zφ
z kz L

∂  =  ∂  
                        （10） 332 

Equation (10) is a two-sided integral, with boundary conditions, 0 0,z z u= =时,  [Please 333 

finish the sentence with a full stop rather than a comma] Equation (11) is the expression of the 334 

wind speed profile under near-neutral stratification: 335 

( )0*

0

ln
z zu z

u β
k z L

− 
= + 

 
                        （11） 336 

Equation (11) adds only one highly linear term to the logarithmic contour, and is therefore 337 

referred to as the logarithmic + linear contour. Under neutral stratification, because L →∞ , the 338 

logarithmic + linear profile can be simplified to a logarithmic profile. 339 

Figure 6. Pairwise linear fitting of the average wind speed under near-neutral stratification in the 340 

middle of Tazhong tower. 341 



 342 

Figure 6 shows the wind speed profile fitted by the logarithmic dozens of linear laws [This 343 

phrase requires more explanation. The term is not widely used in the literature. Is it the “linear to tens of’ 344 

term that is used in the abstract or something else? Please consider adding further text to explain this 345 

term.] under near-neutral stratification in the Tazhong area. Generally, the atmospheric stratification 346 

was characterized by near-neutral conditions around sunrise and sunset, and the fitting results were 347 

also consistent with this period. The correlation coefficient from the fitting was large, indicating that 348 

the wind speed profile in a near-neutral atmosphere of weak stability and weak instability conditions 349 

in Tazhong satisfied the logarithmic dozens of linear laws. 350 

3.2.1.2 The wind speed profile under stable stratification 351 

In general, the wind profile theory under stable stratification is not satisfactory. The M-O 352 

similarity model is: 353 

*

1 m

kz u Zγ
u z L

∂
= +

∂
                    （12） 354 

Although stable stratification inhibits turbulence and the use of the M-O similarity model is 355 

limited, many NWS gradient observations have confirmed the reliability of the M-O model. For the 356 

low-level atmosphere above the constant flux layer, Yokoyama et al. verified that their generalized 357 

M-O similarity theory could be applied to the surface layer, and proposed a first-order approximate 358 

expression of *u  that varied with height: 359 

* 0 *(1 )n n

o

z
u u u ζ

h
= − =                          （13） 360 

where h  is the atmospheric boundary layer thickness and 0*u   is the friction velocity at the 361 

ground surface 1
zζ= -
h

. 362 

According to Yamamot (1997), in the layer where the wind direction has no obvious monotonic 363 

deflection with height, if the influence of Coriolis force is ignored, only the change of u with height 364 

should be considered. The differential equation obtained by Eqs. (12) and (13) is as follows: 365 

*

(1 )(1 )n

m

kz u z zγ L
u z h

∂
= + −

∂
                        （14） 366 

3.2.1.3 The wind speed profile under stable stratification 367 

Under unstable conditions, the concept of M-O similarity can be extended. Therefore, in this 368 

study u was still regarded as a constant from 0z to the z integral, 369 

*

0

ln o

m m

zu z z
u φ φ

k z L L

   = − +        
                     （15） 370 

In which，
2

21 1
ln ( ) 2arctan

2 2 2
m

x x πφ x
 + +

= − + 
 

，
0.25

11 m m

z
x β φ

L

− = − = 
 

. 371 



The mφ  value for the measured data at the tower height of 10 m was calculated using Eq. (6), 372 

and then the empirical constants mγ  and mβ  in the tower were fitted according to the relationship 373 

between Eq. (7) mφ  and 
z

L
.  374 

Figure 7 shows the distribution of mφ  with stability under stable and unstable summer 375 

conditions in the middle of the tower. The parameters mγ  and mβ  for the surface strata in the 376 

middle of the tower in summer were fitted by Eq. (7) and were 5.84 and 15.1. 377 

 378 

Figure 7. The relationship between surface strata mφ  and 
z

L
 at Tazhong tower in summer. 379 

 380 

Using the same treatment as in summer, the relationship between near-surface strata mφ  and 381 

z

L
 in the hinterland of Tazhong Desert was also fitted in winter, and the measured parameters mγ  382 

and mβ were obtained. Figure 8 shows the relationship. The surface layer parameters mγ  and mβ   383 

in the middle of the tower in winter were obtained by fitting and had values of 1.9 and 27.1, 384 

respectively. 385 

 386 

Figure 8. The relationship between surface strata mφ  and 
z

L
 at Tazhong tower in winter. 387 

4. Conclusion and discussion 388 

Vegetation in desert areas can improve the local microclimate. Desert plants regulate the 389 

microclimate in different ways, such as reducing surface wind speed, cooling, and humidification. 390 

Many restored green spaces have been constructed in the Tarim Basin oilfield. Compared with 391 

Xiaotang, wind speed, temperature, and other meteorological indicators were different in the Tarim 392 

Basin, mainly due to the inverse temperature and humidity conditions in winter. The main causes of 393 

this phenomenon were the high daytime temperature and low relative humidity of the desert. The 394 

water vapor from diffusion at night migrated to the oasis-desert transition zone and increased its 395 

relative humidity; thus, forming a circulation mechanism. Vegetation and shelter forest reduced the 396 

solar radiation reaching the surface and the emission of long-wave radiation from the ground. The 397 

airflow into the canopy was blocked by vegetation, weakening the intensity of heat exchange, 398 

resulting in temperature differences between shelter forests, transition zones, and desert areas. 399 

Protective forests and vegetation reduced diurnal temperature variations, keeping temperatures 400 

relatively stable. In the hinterland of the Taklimakan Desert, due to the continuous expansion of 401 

restored green spaces and the enhancement of transpiration from restored vegetation, the relative 402 

humidity, temperature, surface temperature, and ground temperature of the near-surface layer of 403 



restored green spaces inevitably decreased; thus, changing the hydrothermal conditions of the desert. 404 

Due to the influence of vegetation, the increase in ground moisture reduced the surface reflectance, 405 

increased the absorption of surface radiation, increased the radiation balance value, and slowed 406 

down the temperature change. In the growing season, restored green spaces reduced the surface 407 

wind speed, maintain water and soil conditions, and reduced the extent of erosion caused by wind-408 

sand disaster weather. 409 

By analyzing the diurnal variations of the mean wind speed and temperature on sunny days 410 

and the characteristics of different wind speed profiles in the middle of observation towers at 411 

Tazhong and Xiaotang in summer, autumn, winter, and spring of 2014 and 2015, the following 412 

conclusions were reached. 413 

In the four seasons, the diurnal variation of average wind speed on sunny days at different 414 

heights in the surface layer of Tazhong and Xiaotang had two characteristics. First, there were two 415 

peaks and two low values in the diurnal variation of wind speed. The two peaks occurred at night 416 

and in the daytime, and the two low values occurred in the morning and evening, respectively. 417 

However, the wind speed varied and the time of occurrence of maximum values differed among the 418 

seasons. Second, there were two distinct forms of change in the lower and upper layers. In the lower 419 

layer, the daytime wind speed was greater than in the night, in the upper layer the nighttime wind 420 

speed was greater than during the daytime, and the middle layer was stable, but there were 421 

differences in each season the diurnal variation of wind speed in autumn and spring was larger in 422 

Tazhong than in Xiaotang, whereas the variation was similar in summer and winter.   423 

When a semi-empirical theory was applied, under neutral stratification there was a high 424 

correlation coefficient when a logarithmic law was used for the fitting, and the timing of the 425 

occurrence of a neutral atmosphere was consistent with the transition time of the temperature profile. 426 

Under non-neutral stratification, the wind speed profile deviated from the logarithmic law, and the 427 

fitting was better for an exponential law. For the M-O wind speed profile model, when the 428 

atmosphere was close to a neutral stratification and when the general function 1M

zφ
L

  → 
 

429 

approached 1, the near-neutral stratification was fitted by a “logarithmic + linear” profile, and the 430 

results obtained were ideal. The mγ , and mβ values under stable and unstable stratification in the 431 

hinterland of the Tazhong Desert were 5.84 and 15.1 in summer and 1.9 and 27.1 in winter, 432 

respectively. 433 
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