[image: Frontiers Logo]Effects of sand-dust weather on wind speed fluctuation over near-surface of cotton fields in desert oasis area

ORIGINAL RESEARCH
published: 18 July 2025
doi: 10.3389/feart.2025.1609235
[image: image2]
Effects of sand-dust weather on wind speed fluctuation over near-surface of cotton fields in desert oasis area
Li Gao, Jianjun Cheng*, Xiao Wu and Zhouyang Pan
College of Water and Architectural Engineering, Shihezi University, Shihezi, China
Edited by:
Prakash Kumar Jha, Mississippi State University, United States
Reviewed by:
Ying Zhu, Xi’an University of Architecture and Technology, China
Mohamed A.E. AbdelRahman, National Authority for Remote Sensing and Space Sciences, Egypt
*Correspondence:
 Jianjun Cheng, chengdesign@126.com
Received: 10 April 2025
Accepted: 30 June 2025
Published: 18 July 2025
Citation:
Gao L, Cheng J, Wu X and Pan Z (2025) Effects of sand-dust weather on wind speed fluctuation over near-surface of cotton fields in desert oasis area. Front. Earth Sci. 13:1609235. doi: 10.3389/feart.2025.1609235
Strong wind and dusty weather are the main factors causing wind-sand disasters in cotton fields in desert oasis area. In order to investigate the effect of sand-dust weather on wind speed fluctuation over near-surface cotton fields, field observations of wind speed and direction were carried out using a two-dimensional ultrasonic anemometer, and the characteristics of wind speed fluctuation during clear-sky, blowing dust and sandstorm were analyzed. The results showed that the fluctuating wind speed at each height level increased with increasing height and wind speed in the three kinds of weather, with the fluctuation ranges being largest during sandstorms, followed by blowing dust, and smallest under clear-sky days. The correlation coefficient of fluctuating wind speed at each height level were all larger than 0.7, and the values at the heights of 1.5 and 2.0 m were all larger than 0.9, which indicated that there is a significant correlation between the fluctuating wind speed at each height. The wind speed fluctuation intensity is positively correlated with both height and average wind speed, the average values of fluctuation intensity in blowing dust and sandstorm are 1.375 and 2.33 times higher than those in the clear-sky days, respectively. Turbulence intensity decreases with the increase of height and average wind speed, and it is the smallest in the sandstorm. The results revealed the differential effects of extreme aeolian environments on the near-surface wind field in cotton fields, and provided a theoretical foundations for the prevention and control of wind and sand hazards in cotton fields in desert oasis.
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1 INTRODUCTION
Xinjiang is located in the northwest inland of China. Because of its unique light and heat conditions, it has become an important high-quality cotton producing base in China. However, cotton fields in Xinjiang are mostly located around the desert. Strong wind, abundant sand sources and arid climatic conditions also make it one of the most seriously damaged areas by wind and sand (Wang et al., 2006; Wang et al., 2008; Baidourela et al., 2018; Wang et al., 2024). After the wind-blown sand invaded the cotton field, the stems of cotton seedlings were broken, the leaves were dropped, and the plastic film and drip irrigation belt were damaged (Figure 1). Wind-blown sand disasters not only affect the growth and yield of cotton, but also cause huge economic losses to farmers (Gao et al., 2023). Therefore, it is of great significance to study the characteristics of wind speed fluctuation near the surface of cotton field for understanding the law of wind-sand movement, revealing the disaster-causing mechanism and formulating effective measures to prevent and mitigate wind-sand disasters in cotton field.
[image: Panel A shows a field covered in dense dust with limited visibility and a person in the distance. Panel B displays young plants emerging from dry, cracked soil. Panel C shows wilted plants in dry soil. Panel D features an empty field with plastic sheeting partially covering the rows.]FIGURE 1 | Wind-sand disaster in cotton field in desert oasis area. (A) Sandstrom sweep through cotton fields. (B) Broken stalks of cotton seedlings. (C) Curved stalks and withered leaves. (D) Damaged plastic film and drip irrigation tap.In recent years, numerous studies have used field observation (Wang and Zheng, 2013; Zheng et al., 2019; Zhang et al., 2020; Li et al., 2022), wind-tunnel experiment (Gao et al., 2017), satellite remote sensing identification and other methods (Isazade et al., 2021; Isazade et al., 2022; Isazade et al., 2023; Chen et al., 2024) to conduct wind speed fluctuation and its relationship with wind-blown sand movement. The study of wind speed fluctuation characteristics of different surface types shows that wind speed fluctuation is related to underlying surface roughness and ground turbulence. The average wind speed of underlying surfaces increases with the increase of height in the shifting sand land, semi-fixed sand land, fixed sand land and oasis, the fluctuation intensity of wind speed increases first and then decreases (Mao et al., 2017). There is a linear positive correlation between the near-surface wind speed fluctuation intensity and the average wind speed in Gobi, grassland and bare farmland (Zhang et al., 2020; Liu et al., 2020). Through the study of the characteristics of wind speed fluctuation in different weather, it is found that the fluctuating wind speed of the desert-oasis ecotones and the near surface of the desert hinterland has a good correlation in different weather conditions, the fluctuation range of fluctuating wind speed is proportional to height and wind speed, and the fluctuation intensity is positively correlated with wind speed (Zheng et al., 2019). Through the comparative study of wind speed profile and wind speed fluctuation characteristics in net wind field and wind-sand flow, it is concluded that the fluctuation intensity in net wind field and wind-sand flow generally increases with the increase of wind speed and decreases with the increase of height (Gao et al., 2017). The moving sand particles have a certain inhibitory effect on the process of wind speed fluctuation, weakens the average wind speed, and enhances the fluctuating wind speed. The turbulence intensity of net wind field is greater than that of wind-sand flow (Zhang et al., 2020). In addition, Butterfield (1998) found that the near-surface sediment transport rate has a good correlation with wind speed fluctuations. Sand transport is related to the fluctuation or turbulence of wind, and the fluctuation of wind speed will lead to the fluctuation of sand transport rate (Butterfield, 1991; Leenders et al., 2005; Liu et al., 2012). The turbulent structure of boundary layer is closely related to the non-stationary characteristics of wind-sand transport (Wang and Zheng, 2013), which further shows that there is a mutual influence and restriction relationship between wind speed fluctuation and sand movement and transport.
In order to characterize the size and strength of wind speed fluctuations, fluctuating wind speed, wind speed fluctuation intensity, turbulence intensity, correlation coefficient and other parameters were often used to reflect wind speed variability, amplitude, correlation, wind speed distribution and turbulence status (Mao et al., 2017; Ren et al., 2018; Zhang et al., 2020; Kang et al., 2023; Chen, et al., 2025). Existing research results have confirmed that the characteristics of wind speed fluctuation are closely related to the roughness of the underlying surface, ground turbulence and weather conditions (Mao et al., 2017; Zheng et al., 2019). Most research results focus on homogeneous underlying surfaces such as deserts, sandy land and grassland (Zhang et al., 2020; Liu et al., 2020), while the surface of cotton fields has significant heterogeneity - with a plastic film coverage rate of 90% and periodic distribution of soil ridges, and the influence of its roughness combination characteristics on wind speed fluctuation remains unclear. In addition, research results mainly focus on the wind field characteristics of bare land, sand dunes or shelterbelts, and there is a lack of systematic observations and quantitative analysis of characteristic parameters of wind speed fluctuation near the surface of cotton fields under different weather conditions, especially blowing dust and sandstorms.
This study employed a method combining high-frequency in-situ observation and data analysis. Two-dimensional ultrasonic anemometers and air temperature, humidity and pressure sensors were installed in cotton fields in the desert-oasis transition zone of Xinjiang, China. Wind speed, wind direction, temperature, humidity and pressure data were simultaneously collected during clear-sky days, blowing dust and sandstorm. Through the analysis of turbulence statistical characteristics, turbulence intensity and correlation coefficient calculation, the impact of sand-dust weather on the wind speed fluctuation in cotton fields was revealed, providing theoretical support for the refined forecast and targeted prevention and control of agricultural wind-sand disasters.
2 MATERIALS AND METHODS
2.1 Overview of study area
The study area is located in the third Division 53rd Regiment (40°02′40″ N, 79°23′37″ E, elevation 1,042.8 m) of Tumxuk City, Xinjiang Uygur Autonomous Region, China (Figure 2). It is located in the northwest edge of the Taklamakan Desert and belongs to the continental desert climate. It is windy in spring, hot in summer, and cold in winter. The average annual gale days are about 30 days. The average wind speed is 4.5 m/s in spring, and northeast (NE) was the prevailing wind direction. The annual average temperature is 11.6°C, the maximum temperature is 42.2°C, and the minimum temperature is −24.2°C. The annual precipitation is about 70 mm, and the annual evaporation is about 2051.5 mm. The major natural disasters are drought, gale and sandstorm. The cotton field covers an area of 66,500 m2, running in an east-west direction. The cotton variety grown is Tahe No. 2. Cotton sowing is carried out in a one-plastic film six-row mode, with drip irrigation under the film and conventional field management.
[image: Map depicting Tumxuk City in China. The left panel shows its location in Akta Prefecture, marked in red. The right panel details surrounding regions and features such as the 51st, 44th, 49th, and 53rd Regiments, Qianhai Subdistrict, and Xiahe Town, with elevation variations indicated by color shading. An arrow points north for orientation.]FIGURE 2 | Location of test sites ([image: ] is the study area).2.2 Wind conditions in study area
In this study, we selected the latitude and longitude coordinates of 79°23′37″E, 40°02′40″N in the cotton field as the monitoring point, and used the Global atmospheric reanalysis climate data (ERA5) as the data source to obtain the wind speed and direction data of the study area in 2021, 2022 and 2023 (Hersbach et al., 2020; Li et al., 2023). In 2021, 2022 and 2023, the statistical analysis of data revealed that the NE azimuth frequency is 18.57%, 21.06% and 18.30%, respectively, and the average wind speed is 3.73 m/s, 3.82 m/s and 3.77 m/s, respectively. The NE azimuth frequencies in spring are 21.75%, 22.66% and 20.28% in 2021, 2022 and 2023, respectively. The average wind speed and maximum wind speed in spring are 4.5 m/s and 11.99 m/s, respectively. The maximum wind speed occurs in April or May (Figure 3). The time when the wind speed in spring is greater than the threshold wind speed in 2021, 2022 and 2023 accounts for 21.29%, 23.99% and 29.48% of the whole quarter, respectively. In general, the maximum frequency of NE direction in the whole year and spring are 21.06% and 22.66%. Therefore, NE was the prevailing wind direction in the whole year and spring.
[image: Six rose charts displaying wind frequency by direction and speed for the years 2021, 2022, and 2023, both annually and in spring. Each chart displays maximum and average wind speeds. The direction is labeled from north to south.]FIGURE 3 | Wind rose diagrams of the study area over the past 3 years. (A) 2021; (B) 2022; (C) 2023; (D) In the spring of 2021; (E) In the spring of 2022; (F) In the spring of 2023. Vmax: Max wind speed; Vave: Average wind speed; N, north; NNE, north-northeast; NE, northeast; ENE, east-northeast; E, east; ESE, east-southeast; SE, southeast; SSE, south-southeast; S, south; SSW, south-southwest; SW, southwest; WSW, west-southwest; W, west; WNW, west-northwest; NW, northwest; NNW, north-northwest.2.3 Experimental instruments and research methods
In the study area, seven two-dimensional ultrasonic anemometers (Gill WindSonic) are used to measure the wind speed and direction (Figure 4A). The anemometer range is 0–60 m/s, with a measurement accuracy of ±2%. The wind direction range is 0°–359°, with a measurement accuracy of ±2° (Figure 4B). The collected data in the u and v directions correspond to the wind speed in the x and y coordinate systems. The measurement frequency is 20 Hz, and the total measurement height is 2.0 m. There are 7 measurement heights, which are 0.05 m, 0.25 m, 0.5 m, 0.75 m, 1.0 m, 1.5 m and 2.0 m respectively. The anemometer is installed in an open area in the middle of the cotton field, with flat terrain and far from the protective forest. The temperature, humidity, and pressure sensor (TBR3, accuracy:±0.2°C, ±0.15%) is installed at a height of 1.0 m (Figure 4D). Before conducting field observations, the anemometers were uniformly calibrated (Figure 4C). During the observation of wind speed and direction, abnormal periods with relative humidity greater than 60% or temperature drops sharply by more than 5°C/h have been screened and excluded to ensure the consistency of the meteorological background during the data analysis period. The observation period is from April 15th to April 18th 2023, with a total valid observation duration of 60 h. The observation data of the clear-sky period from 12:41 to 12:45 on 15 April 2023, the blowing dust period from 18:50 to 18:54 on 17 April 2023, and the sandstorm period from 15:06 to 15:10 on 18 April 2023 were selected respectively. It is shown that the greater the statistical time interval of wind speed, the greater the gap between average wind speed and instantaneous wind speed; the wind speed time interval less than 5 min can better reflect the characteristics of wind speed fluctuation (Zhang et al., 2020). Therefore, the analysis time of wind speed and wind direction observation data in clear-sky days, blowing dust and sand storm is 5 min.
[image: A. A metal structure with weather sensors in a field, surrounded by equipment and cables. B. Close-up of a wind sensor labeled "WindSonic 4" in the same field setting. C. A smartphone displaying a compass and geographical coordinates, resting on a black surface. D. The metal structure again in the field, with a red box highlighting a small white sensor or device.]FIGURE 4 | The layout of measure instruments. (A) Measurement height arrangement (B) The two-dimensional ultrasonic anemometer (C) Positioning to the north direction. (D) The temperature, humidity, and pressure sensor.Based on the standards of the World Meteorological Organization (WMO), and the Chinese national standard “Classification of sand and dust weather” (GB/T 20480–2017) (Standardization Administration of China, 2017), clear sky days, blowing dust, and sandstorm are precisely defined in Table 1.
TABLE 1 | Classification criteria of clear-sky days, blowing dust and sandstorm.	Weather type	Horizontal visibility/m	Maximum wind speed/m·s-1	PM10/μg·m-3
	Clear-sky days	≥10000	<5	<150
	Blowing dust	1,000–10000	5–10	150–1,000
	Sandstorm	<1,000	>10	>1,000


In this paper, the characteristics of wind speed fluctuation near-surface of cotton field are described by fluctuating wind speed, wind speed fluctuation intensity, turbulence intensity and correlation coefficient. The fluctuating wind speed (u′) is defined as the difference between the instantaneous wind speed (u) and the average wind speed (u¯), which reflects the variation range of wind speed fluctuation (Zhang et al., 2020).
u′=u−u¯(1)
The fluctuation intensity of wind speed (uv) is the root mean square of fluctuating wind speed, which indicates the fluctuation range of instantaneous wind speed at a certain height (Zheng et al., 2019).
uv=u′2¯=1n∑i=1nui−u¯2(2)
The turbulence intensity(g) is defined as the ratio of wind speed fluctuation intensity to average wind speed, which describes the degree of wind speed change with time and space, and reflects the relative intensity of fluctuating wind speed (Kang et al., 2023).
g=uvu¯=u′2¯u¯(3)
In Formula 1–3: u and u¯ represent the instantaneous wind speed (m·s-1) and average wind speed (m·s-1), respectively, u′ denotes the fluctuating wind speed (m·s-1), n is the number of wind speed samples, uv stands for the wind speed fluctuation intensity, g is turbulence intensity. The wind direction fluctuation is represented by the difference between the instantaneous wind direction and the average wind direction, reflecting the variation range of the wind direction during this period (Mao et al., 2017). The correlation coefficient (γ) is used to reflect the correlation between the fluctuating wind speed at different spatial points. (Zheng et al., 2019).
γ=∑i=1nui−u¯vi−v¯∑i=1nui−u¯2∑i=1nvi−v¯2(4)
In Formula 4, u and v represent the instantaneous wind speed at two specified heights, respectively, u¯ and v¯ represent the average wind speed at two specified heights, respectively, n is the number of wind speed samples. The closer the correlation coefficient is to 1.0, the more significant the correlation between the fluctuating wind speeds at two specified heights.
3 RESULTS AND ANALYSIS
3.1 Average wind speed and fluctuating wind speed
As shown in Table 2, the average wind speed increases with the increase of height in clear-sky days, blowing dust and sandstorm. The fluctuation range of average wind speed is 1.488–3.923 m/s, 1.73–6.36 m/s, 6.158–10.254 m/s, respectively. At the same height and time, the average wind speed is as follows: sandstorm is the largest, blowing dust is the second, and clear-sky days is the smallest. The fluctuation range of fluctuating wind speed is proportional to the height in three kinds of weather conditions. The greater the height, the greater the fluctuation range of the fluctuating wind speed. At the same height, the fluctuation range of fluctuating wind speed is as follows: sandstorm is the largest, blowing dust is the second, and clear-sky days is the smallest (Figure 5).
TABLE 2 | Variation of average wind speed with height in different weather (Unit: m·s-1).	Weather	Time/min	Height/m
	0.05	0.25	0.5	0.75	1.0	1.5	2.0
	Clear-sky days	1	1.748	2.486	2.815	2.679	2.821	2.960	3.257
	2	2.033	2.755	3.257	3.044	3.153	3.311	3.542
	3	1.826	2.692	2.824	2.964	3.212	3.599	3.923
	4	1.488	2.329	2.477	2.476	2.811	2.940	3.292
	5	1.615	2.540	2.595	2.619	2.923	3.011	3.305
	Average value	1.742	2.560	2.793	2.756	2.984	3.164	3.463
	Blowing dust	1	3.188	4.153	5.102	4.698	5.559	5.613	6.360
	2	2.286	3.345	3.774	3.920	4.276	4.525	4.927
	3	2.123	2.828	3.260	3.385	3.598	3.767	4.040
	4	1.730	2.494	2.748	2.910	3.091	3.297	3.533
	5	2.203	3.174	3.742	3.778	4.166	4.203	4.692
	Average value	2.306	3.200	3.720	3.738	4.138	4.281	4.710
	Sandstorm	1	6.158	6.786	7.357	7.265	7.662	7.484	8.066
	2	7.169	7.942	8.540	8.503	8.952	8.642	9.361
	3	7.546	8.553	9.168	9.258	9.76	9.573	10.254
	4	6.921	7.974	8.804	8.777	9.019	9.089	9.696
	5	6.892	7.761	8.276	8.217	8.664	8.463	9.126
	Average value	6.937	7.803	8.429	8.404	8.811	8.650	9.300


[image: Three line graphs labeled A, B, and C show fluctuating wind speeds over time at various heights, ranging from zero point zero five meters to two meters. Each graph features multiple colored lines representing different heights, with speed on the vertical axis and time on the horizontal axis.]FIGURE 5 | Fluctuating wind speed in different weather. (A) Clear-sky days (B) Blowing dust (C) Sandstorm.3.1.1 Fluctuating wind speed in clear-sky days
As shown in Figure 5A, in clear-sky days, the fluctuation range of fluctuating wind speed in each height is close to each other and the fluctuation value is between −1.86 m/s and 1.57 m/s at different heights and periods. The fluctuation range of fluctuating wind speed at the height of 0.25 m and 2.0 m heights is −1.0 m/s∼1.35 m/s and −1.49 m/s∼1.3 m/s, respectively. The reason is that the instantaneous wind speed is generally low in clear-sky days, and the difference between average wind speed and instantaneous wind speed is small. The wind speed fluctuation shows a certain correlation at different heights, and the correlation coefficient is more than 0.7. Among them, the correlation coefficient of fluctuating wind speed at the height of 1.5 m and 2.0 m is as high as 0.96, while at the height of 0.25 m and 2.0 m is 0.73, indicating that the correlation of wind speed fluctuation between adjacent heights is particularly significant. The reason is that within a height range of 0.25 m above the cotton field surface, the airflow is strongly disturbed by the cotton field film, soil ridge, cotton seedlings, etc., the randomness of the instantaneous wind speed is significant, while the airflow at 2.0 m is less affected by the underlying surface.
3.1.2 Fluctuating wind speed in blowing dust
As shown in Figure 5B, in blowing dust, the fluctuation range of fluctuating wind speed at different heights and periods is between −2.64 m/s and 3.44 m/s, which is greater than the corresponding value of clear-sky days. The fluctuation range of fluctuating wind speed at the height of 0.25 m and 2.0 m heights is −1.175 m/s∼1.77 m/s and −1.645 m/s∼2.77 m/s, respectively. The correlation coefficient between the fluctuating wind speed at the heights of 1.5 m and 2.0 m is 0.95, while at the height of 0.25 m and 2.0 m is 0.76. The reason is that the instantaneous wind speed in the blowing dust is generally greater than that in the clear-sky days, and saltation sand particles in the airflow below 0.25 m have a certain degree of disturbance to the airflow, which weakens the correlation of fluctuating wind speed between the two heights.
3.1.3 Fluctuating wind speed in sandstorm
As shown in Figure 5C, in sandstorm, the maximum value of fluctuating wind speed reaches 5.28 m/s, and fluctuation range is the largest among the three kinds of weather. The fluctuation range of fluctuating wind speed at the height of 0.25 m and 2.0 m is −2.504 m/s∼3.461 m/s and −2.746 m/s∼ 5.279 m/s, respectively. The correlation coefficient between the fluctuating wind speed at 1.5 m and 2.0 m is 0.96, while at the height of 0.25 m and 2.0 m is 0.74. The reason is that the instantaneous wind speed (maximum wind speed is 13.63 m/s) in sandstorm is larger than that in clear-sky days and blowing dust, and high sand and dust concentration in the near-surface airflow. The sand particles movement weaken the speed fluctuation of the airflow, and the fluctuation range is reduced.
3.2 Wind direction fluctuation
During field observation in cotton field, the wind direction data at the height of 0.25 m and 2.0 m were selected to analyze the characteristics of wind direction fluctuation. As shown in Figure 6, the fluctuating wind direction at 0.25 m and 2.0 m has a good correlation in clear-sky days, blowing dust and sandstorm, and the fluctuating wind direction angle is close to each other. The fluctuating wind direction does not change significantly with height. The fluctuation range of fluctuating wind direction at each height is the largest in clear-sky days, followed by blowing dust, and the smallest in sandstorm.
[image: Graphs A, B, and C display fluctuating wind direction in degrees over time in seconds, comparing green lines for 0.25 meters and red lines for 2.0 meters. Each graph shows variations in wind directions over a 300-second period, with similar trends and overlaps in line patterns.]FIGURE 6 | Fluctuating wind direction in different weather. (A) Clear-sky days (B) Blowing dust (C) Sandstorm.In blowing dust, the fluctuation range of wind direction fluctuation at the height of 2.0 m is obviously smaller than that at 0.25 m, which indicates that the fluctuation range of wind direction fluctuation decreases with the increase of height. The reason is that the wind speed at the height of 0.25 m is small, and the airflow is easily dissipated by the influence of the surface fluctuation of the cotton field, resulting in a significant change in the wind direction, while there is a higher wind speed at 2.0 m, which is less affected by the underlying surface. In clear-sky days, the maximum value of fluctuating wind direction appears at the height of 0.25 m, and the fluctuation range of fluctuating wind direction at the height of 0.25 m and 2.0 m is close to each other. In sandstorm,the correlation of the wind direction fluctuation at the height of 0.25 m and 2.0 m is significant, indicating that the wind direction fluctuation has no significant change with the increase of height. The reason is that the average wind speed is high in sandstorm, and the local turbulence after the airflow passes through the cotton field is not enough to change the main wind direction, and the wind direction tends to be stable.
3.3 Wind speed fluctuation intensity and its relationship with average wind speed
It can be seen from Table 3 that the variation range of wind speed fluctuation intensity in clear-sky days, blowing dust and sandstorm is 0.249 m/s-0.716 m/s, 0.28 m/s-1.09 m/s and 0.766 m/s-1.364 m/s respectively, and the average fluctuation intensity is 0.466 m/s, 0.641 m/s and 1.086 m/s respectively, that is, the average fluctuation intensity of blowing dust and sandstorm is 1.375 times and 2.33 times that of clear-sky days respectively, indicating that sand particles have significant amplification effect on airflow disturbance. At the same time and height, the fluctuation intensity is the largest in sandstorm, followed by blowing dust, and the smallest in clear-sky days.
TABLE 3 | Variation of wind speed fluctuation intensity with height in different weather (Unit:m·s-1).	Weather	Time/min	Height/m
	0.05	0.25	0.5	0.75	1.0	1.5	2.0
	Clear-sky days	1	0.353	0.444	0.480	0.482	0.550	0.451	0.496
	2	0.384	0.404	0.536	0.456	0.516	0.494	0.529
	3	0.249	0.376	0.388	0.381	0.361	0.464	0.506
	4	0.326	0.423	0.497	0.471	0.523	0.450	0.504
	5	0.403	0.485	0.527	0.560	0.537	0.620	0.716
	Blowing dust	1	0.710	0.822	0.91	1.090	0.992	0.966	0.949
	2	0.506	0.692	0.787	0.795	0.803	0.785	0.782
	3	0.411	0.729	0.62	0.777	0.628	0.718	0.497
	4	0.280	0.341	0.325	0.375	0.370	0.415	0.445
	5	0.430	0.536	0.624	0.604	0.575	0.595	0.579
	Sandstorm	1	0.856	0.940	1.056	1.048	1.093	1.512	1.006
	2	0.766	0.827	0.873	0.875	0.923	0.936	0.970
	3	1.125	1.118	1.235	1.266	1.305	1.227	1.312
	4	1.229	1.257	1.238	1.311	1.347	1.275	1.364
	5	0.906	0.971	1.113	1.072	1.078	1.077	1.063


The fluctuation intensity increases with the increase of height in three weather conditions. The fluctuation intensity shows a fluctuating increasing trend in clear-sky days, and increases steadily in blowing dust and sandstorm. This law is also consistent with the trend of fluctuating wind speed, which further confirms that the fluctuation range of instantaneous wind speed is the largest in sandstorm, and the fluctuation range of wind speed is the smallest in clear-sky days.
Figure 7 shows the relationship between fluctuation intensity and average wind speed in three kinds of weather. It can be seen that the fluctuation intensity is positively correlated with the average wind speed. The greater the average wind speed, the greater the wind speed fluctuation intensity, and the greater the fluctuation range of the fluctuating wind speed. There are differences in the slope and intercept of the fitting curve in three kinds of weather. The slope of blowing dust is the largest, followed by sandstorm, and the slope of clear-sky day is the smallest. It shows that when the average wind speed is the same, the fluctuation intensity of wind speed in blowing dust and sandstorm is greater than that in clear-sky days, which further shows that the fluctuation intensity of wind-sand flow is greater than that of pure airflow. This conclusion also verifies the essential difference of wind speed fluctuation characteristics between pure airflow field and wind-sand flow.
[image: Three scatter plots labeled A, B, and C show the relationship between fluctuation intensity and average wind speed. Each plot includes a red line of best fit. Plot A displays points clustered with a positive trend line and an equation \( u_f = 0.088x + 0.22 \) with \( R^2 = 0.315 \). Plot B features a stronger positive correlation with \( u_f = 0.167x + 0.046 \) and \( R^2 = 0.603 \). Plot C also shows a positive correlation with \( u_f = 0.10x + 0.247 \) and \( R^2 = 0.338 \).]FIGURE 7 | The relationship between fluctuation intensities and average wind speed.(A) Clear-sky days (B) Blowing dust (C) Sandstorm.3.4 Turbulence intensity and its relationship with average wind speed
It can be seen from Table 4 that the turbulence intensity gradually decreases with the increase of height in different weathers and periods. In clear-sky days, blowing dust and sandstorm, the variation range of turbulence intensity is 0.112–0.25, 0.102–0.206, 0.102–0.178 respectively, and the average turbulence intensity is 0.171, 0.173, 0.14 respectively, which belongs to high turbulence intensity. The variation range of turbulence intensity in blowing dust and sandstorm is smaller than that in clear-sky days. The reason is that the sand particles have a disturbance effect on the airflow in the blowing dust and sandstorm. The sand concentration and the influence of moving sand on turbulence decreases with the increase of height.
TABLE 4 | Variation of turbulence intensity with height in different weather.	Weather	Time/min	Height/m
	0.05	0.25	0.5	0.75	1.0	1.5	2.0
	Clear-sky days	1	0.202	0.179	0.171	0.180	0.195	0.152	0.152
	2	0.189	0.147	0.165	0.150	0.164	0.149	0.149
	3	0.136	0.140	0.137	0.129	0.112	0.129	0.129
	4	0.219	0.182	0.201	0.190	0.186	0.153	0.153
	5	0.250	0.191	0.203	0.214	0.184	0.206	0.217
	Blowing dust	1	0.139	0.138	0.143	0.144	0.142	0.202	0.124
	2	0.106	0.104	0.102	0.103	0.103	0.108	0.103
	3	0.149	0.130	0.134	0.136	0.133	0.128	0.127
	4	0.177	0.182	0.204	0.205	0.197	0.206	0.206
	5	0.131	0.125	0.134	0.130	0.124	0.127	0.116
	Sandstorm	1	0.139	0.139	0.144	0.144	0.143	0.129	0.125
	2	0.107	0.104	0.102	0.103	0.103	0.108	0.104
	3	0.149	0.131	0.135	0.137	0.134	0.128	0.128
	4	0.178	0.158	0.141	0.149	0.149	0.140	0.141
	5	0.131	0.125	0.128	0.130	0.124	0.127	0.122


Figure 8 shows the relationship between turbulence intensity and average wind speed in three kinds of weather. Under the condition of low average wind speed, the distribution of turbulence intensity near the surface of cotton field shows obvious dispersion, and its variation range is wide. As the average wind speed increases, the range of turbulence gradually decreases. When the average wind speed exceeds 5.0 m/s, the turbulence intensity varies from 0.1 to 0.2, and the turbulence intensity distribution tends to be concentrated.
[image: Three scatter plots labeled A, B, and C show the relationship between average wind speed (meters per second) and turbulence intensity. Plot A ranges from 1 to 4 m/s, plot B from 3 to 7 m/s, and plot C from 6 to 11 m/s on the x-axis. The y-axis for all plots ranges from 0.10 to 0.30. Points cluster between 0.10 and 0.25 for turbulence intensity in all plots.]FIGURE 8 | The relationship between turbulence intensity and average wind speed. (A) Clear-sky days (B) Blowing dust (C) Sandstorm.4 DISCUSSIONS
Through the analysis of the characteristics of near-surface wind speed fluctuation in Tumxuk cotton field in southern Xinjiang, it is found that the fluctuating wind speed at different heights has certain correlation in three kinds of weather, and the correlation of fluctuating wind speed at adjacent heights is more significant. The wind speed fluctuation and fluctuation intensity in sandstorm and blowing dust are greater than the corresponding values in clear-sky days, which is consistent with previous research conclusions (Mao et al., 2017; Zheng et al., 2019).
It is found that the fluctuation intensity of increases with the increase of height and average wind speed, which is different from the conclusion of Gao et al. (2017) that the fluctuation intensity decreases with the increase of height in both net wind field and wind-blown sand flow. There are two reasons. First, the research methods are different. Gao et al. (2017) are based on wind tunnel experiments, which have high airflow stability and good speed uniformity. However, this study adopts the field measurement, and the measurement data are easily affected by weather, equipment stability and other factors. Second, the spatiotemporal scales selected for the research are different. This paper analyzes the field wind speed data at a height range of 0.05 m–2.0 m near the surface for a period of 60 h, while Gao et al. (2017) selected the wind tunnel experimental data within a height range of 0.03 m–0.3 m near the sand bed for approximately 20 min. The above comparison shows that the characteristics of wind speed fluctuation are sensitive to the measurement environment, and the boundary condition control of wind tunnel experiment and the natural disturbance effect of field measurement are the main factors leading to the difference.
The wind speed fluctuation intensity in blowing dust and sandstorm is 1.375–2.33 times that of the clear-sky days, indicating that in sandstorm, the wind speed is large and the change is violent, the sand-carrying capacity of the wind-sand flow is enhanced, and the cotton seedlings are more vulnerable to the damage of the wind sand flow. From a global perspective, the optimal practices for wind control in different dryland farming regions vary depending on environmental and socio-economic conditions, but the core objective remains the same: reducing surface wind speed, increasing surface roughness, and stabilizing surface sand (Figure 9). The choice of specific measures is limited by regional resources (water, materials, capital investment) and economic level (mechanization level, land scale, labor costs) (Leys et al., 2008; Xiao et al., 2023). Considering the regional environmental characteristics of the desert oasis areas, it is recommended to adopt physical or biological protection measures, establishing a dual protection system around and within the cotton fields, including peripheral protective forests, internal windproof net, and windbreak straw (Zhang et al., 2016), in order to alleviate or control wind and sand disasters in the cotton fields (Figure 10). It should be noted that these protective measures have their own limitations in practice. For example, protective forests are constrained by water resources and the growth cycle (Fan et al., 2017), windproof nets have the drawbacks of aging and wear, as well as interference from farming activities (Dong et al., 2023; Maraveas, 2020), and windbreak straw face problems of raw material shortage and microbial degradation. Therefore, on the basis of a comprehensive assessment of regional conditions and various restrictive factors of protective measures, scientific decisions should be made and one or more measures should be flexibly combined and applied to achieve continuous and efficient wind-sand control effects.
[image: Diagram showing wind-sand flow over cotton fields. On the left, an unprotected area with strong wind-sand flow intensity and wind profile. On the right, a protected area with reduced flow intensity due to protective measures, showing cotton seedlings growing more robustly.]FIGURE 9 | Protective mechanism of protective measures in cotton field.[image: Rows of cotton seedlings grow across a field, with labeled features including "shelterbelt" at the edge, "location of protective measures," and "plastic film." A building and trees are visible in the background under a cloudy sky.]FIGURE 10 | Layout of protective measures.Furthermore, this study was limited by observation time, location and equipment conditions, and did not consider the interannual variation of wind speed fluctuation and the influence of heterogeneous underlying surface. In the future, it is necessary to conduct multi-scale and multi-source observations, combined with wind tunnel experiments and numerical simulations, to establish a near-surface wind-sand transport model in cotton fields, further revealing the universal laws of the impact of sand-dust weather on the near-surface wind field and its ecological-climate effects, and providing a theoretical basis for the prevention and control of wind-sand disasters in farmland in the desert oasis area.
5 CONCLUSION
Based on the field observation of near-surface wind speed and direction in cotton field in desert oasis, the average wind speed, fluctuating wind speed and direction, wind speed fluctuation intensity, turbulence intensity and other fluctuation characteristics of cotton field in clear-sky days, blowing dust and sandstorm were analyzed. The following conclusions are drawn:
In the height range of 0.25 m–2.0 m from the surface of cotton field, the average wind speed and fluctuating wind speed at each height increase with the increase of height. The wind speed fluctuation shows a certain correlation at different heights, and the correlation coefficient is greater than 0.70. The correlation of wind speed fluctuation between adjacent heights is particularly significant, and the correlation coefficient of fluctuating wind speed at 1.5 m and 2.0 m is greater than 0.90. The fluctuation range of fluctuating wind speed in the same period and height is the largest in sandstorm, followed by blowing dust, and the smallest in clear-sky days. The fluctuation range of fluctuating wind direction is the largest in blowing dust, followed by clear-sky days, and the smallest in sandstorm.
The fluctuation intensity of wind speed increases with the increase of height and average wind speed. The fluctuation intensity in the same period and at the same height is the largest in sandstorms, followed by blowing dust, and the smallest in clear-sky days. The average fluctuation intensity of blowing dust and sandstorm is 1.375 times and 2.33 times that of clear-sky days.
Turbulence intensity decreases with the increase of height and average wind speed, and it is the smallest in the sandstorm. With the increase of average wind speed, the variation of turbulence intensity decreases.
The research results quantified the significant impact of sand-dust weather on the near-surface turbulent structure of farmland, providing key parameters for the precise assessment of wind erosion risk in cotton fields and the optimization design of sand prevention measures. It also provided empirical evidence for regional sustainable development plans such as ecological co-protection and co-control in the core area of “The Belt and Road Initiative”.
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