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Abstract

This study focuses on the desertification areas of Talatan and Mugetan, located on both sides of the Longyangxia Reservoir in
Qinghai Province, China. These areas pose serious threats to the safety of the reservoir due to frequent wind-sand activities. The
research aims to provide a scientific basis for effective sand control by deeply analyzing the dynamic change of wind.The wind
speed and direction data from Shazhuyu and Guinan meteorological stations in Qinghai Province, China were used to calculate
the numerical and directional characteristics of sand-driving wind and sand drift potential.The results indicate that: (1) The
number of sand-driving wind at Talatan is about 7 times that at Mugetan, and the maximum and average wind speeds are about 7
m/s larger than those at Mugetan. At Talatan, the primary sand-driving wind direction is exclusively West Northwest (WNW).
Conversely, at Mugetan, the sand-driving wind direction remains westward in spring, autumn, and winter, shifting eastward
solely in summer. (2) The annual sand drift potential of Talatan and Mugetan is less than 200U, two sandy areas are both in low
wind energy environments; (3) The major causes of the significant differences in sand-driving wind regimes between the Talatan
and Mugetan are topography, precipitation, wind direction stability. These conclusions offer valuable insights for developing
targeted sand control strategies, thereby mitigating the potential hazards posed by wind-sand activities to the Longyangxia
Reservoir and its surrounding ecosystems.
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1. Introduction

The Longyangxia Reservoir is located at the Longyang
Gorge, the junction of Gonghe County and Guinan County in
Qinghai Province, China, upstream of the Yellow River, with
a water storage area of 383 km? and a total storage capacity of
24.7 billion m?, it is currently the largest multi-year regulating
reservoir, playing a significant role in governing Yellow River
disasters, preventing soil erosion, and driving economic de-
velopment in Qinghai Province. On both sides of the Long-
yangxia Reservoir, there are vast sandy areas distributed in the
Talatan and Mugetan. From 1987 to 2014, many scholars [1-7]
studied the distribution and changes of desertified land on
both sides of the reservoir, pointing out that the desertified
land on both sides of the reservoir has experienced a process
of first deterioration and then partial improvement. Over the
years, the wind and sand on both sides of the reservoir have
seriously threatened the production and life of local farmers
and herdsmen. Instances of roads and houses being buried by
sand have been reported. On the other hand, the average
amount of wind and sand entering the reservoir directly from
the 50-kilometer-long northwest bank sand area is approxi-
mately 14.1 million m® each year. The collapse of the bank in
the reservoir area produces about 21 million m® of sediment
each year. Over the years, the accumulated sediment entering
the reservoir has gradually reduced the capacity of the reser-
voir, causing considerable losses to the power generation,
regulation, flood control, irrigation, and other functions of the
reservoir [8, 9].

The characteristics of wind regime and sand drift potential,
as standards for measuring the intensity of regional wind-sand
activities and evaluating the wind-sand environment, have
been discussed by many scholars [10-12] Numerous scholars
have also studied the wind regime and sand drift potential
characteristics of various landform types in China, such as the
Taklimakan Desert [13, 14], Badain Jaran Desert [15], Mu Us
Sandy Land [16, 17], Wulanbuhe Desert [18, 19] and other
regions; the Qaidam Basin [20], Ruoergai Basin [21], Gonghe
Basin [22, 23] and other regions; desertification areas such as
the desertification region in northern Shanxi [24] and the
Yardan landform region in Guazhou, Gansu Province [25];
lakeshore sand areas such as the eastern part of Qinghai Lake
[26] and the basic wind regime and sand drift potential of the
other desert areas worldwide [27-30], all of these studies have
used wind regime and sand drift potential to measure regional
wind-sand activities. However, there is limited research on
wind regime and sand drift potential in the sandy areas on
both sides of reservoirs. This research deeply explores the
sand-driving wind regime and sand drift potential in the sandy
areas on both sides of the Longyangxia Reservoir, and com-
prehensively assesses the wind and sand movement as well as
wind energy environment in this area. It not only helps us
better understand the laws of wind and sand activities in the
sandy areas on both sides of the reservoir, but also provides
important scientific basis for managing the sandy areas and

preventing wind and sand from entering the reservoir. It is of
great theoretical and practical significance for protecting the
ecological environment, ensuring the safe operation, and
safeguarding the normal function of the reservoir.

2. Materials and Methods

2.1. Overview of the Study Area

The Longyangxia Reservoir is located between 35°19'52"
and 36°33'19"” North Latitude, and 100°12'02"” and 101°29'34"
East Longitude. It runs approximately in a southwest to
northeast direction, with a total length of approximately
106km and an average width of 4km. The controlled water-
shed area is approximately 131,400km? and the elevation of
the reservoir area ranges from 2,500 to 3,600m. The sandy
areas on both sides of the Longyangxia Reservoir are mainly
composed of two parts. One is the Talatan Sandy Area, which
is located on the northwest side of the reservoir and belongs to
Gonghe County. Talatan is situated between the Qinghai
Nanshan and Heka Mountains, covering an area of 2,958km?
and involving six townships: Tiegai, Shazhuyu, Qiabugia,
Tanggemu, Longyangxia, and Niandi. In 2013, the severely
desertified area of Talatan was 558km?, with an intensely
developing desertified area of 116km?, accounting for 23% of
the total area. The other part is the Mugetan Sandy Area on the
southeast side of the reservoir, which belongs to Guinan
County. Mugetan is situated in the southeastern part of the
Gonghe Basin, surrounded by the Lajishan, Xigingshan
Mountains, and the Longyangxia Reservoir. The closest part
of the Mugetan Sandy Area to the reservoir is only 16km away,
with the farthest part, Huangshatou, being about 60km from
the reservoir. In 1996, the area of Mugetan was 946km?, and
by 2022, approximately 260km? of desert had been treated.
Both the Talatan and Mugetan Sandy Areas have relatively
flat terrain, with vegetation dominated by arid and semi-arid
temperate desert steppe, resulting in low vegetation coverage.
The geomorphology of the sandy areas on both sides of the
reservoir is shown in Figure 1 below.

2.2. Data Sources

Wind speed, wind direction, and precipitation data were
obtained from the Qinghai Provincial Meteorological Infor-
mation Center. Hourly wind speed and wind direction data
from the Shazhuyu and Guinan meteorological stations from
June 2019 to May 2022 were processed to calculate the av-
erage, maximum values, frequency, and sand drift potential
for each month and wind direction. Both stations are national
meteorological stations with wind cups installed at a height of
10 meters. As shown in Figure 1, the Shazhuyu meteorolog-
ical station is located in the heart of the Talatan Sandy Area,
while the Guinan meteorological station is located close to the
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edge of the Mugetan Sandy Area, only 33 kilometers away
from the farthest point of the sandy area known as Huang-

shatou.

Figure 1. Topographic map of the sandy areas on both sides of Longyangxia Reservoir.

2.3. Research Methods

2.3.1. Sand-Driving Wind Regime

As the sandy areas on both sides of the Longyangxia Res-
ervoir are located within the Gonghe Basin, this study adopts
a critical sand-driving wind speed of 6m/s based on the re-
search findings of Chen Zongyan et al. [22, 23] regarding
sand-driving wind and land desertification in the Gonghe
Basin. By analyzing the frequency and wind speed of
sand-driving wind in 16 directions (N, NNE, NE, ENE, E,
ESE, SE, SSE, S, SSW, SW, WSW, W, WNW, NW, and NNW)
for each season of each year, the distribution characteristics of
sand-driving wind are examined.

2.3.2. Sand Drift Potential (DP)

FRYBERGER defined the relative potential sand transport
rate during a specific period as the sand drift potential (DP)
and proposed a formula to calculate it:

DP=V 2*(V =V, )*t Q)

In this formula, DP represents the sand drift potential, with
units of vector units (VU); V is the wind speed during
sand-driving events; Vt is the critical sand-driving wind speed;

and t is the ratio of sand-driving wind time to the observation
period (expressed as a percentage, with the observation period
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typically being one year). While calculating DP according to
formula (1) requires the duration of each sand-driving wind
event, which is difficult to obtain in practical work,
FRYBERGER provided an alternative simplified formula [30]
that has also been used by many scholars [31, 32].

DP = _Zn:Viz *(Vi _Vt)*ti 2

In this formula, Vi is the wind speed of each sand-driving
wind event; Vtis the critical sand-driving wind speed; and ti is
the relative frequency of sand-driving wind. Since the data for
sand-driving wind in this study are measured in m/s, the cal-
culated units are not VU but VUg. By comparing the calcula-
tion values using wind speed units of "knot" and "m/s," the
conversion relationship is found to be 1.00 VU = 0.136146
VUg or 1.00VUg = 7.345068VU [33] Based on the annual
average values calculated using "knot" as the unit,
FRYBERGER classified the wind dynamic environment for
sand movement as follows: >400 VU is considered high wind
energy, 200-399 VU is moderate wind energy, and <200 VU is
low wind energy. Since wind speed is a vector, the sand drift
potential in these 16 directions is combined to obtain the
resultant sand drift potential (RDP) and resultant sand drift
direction (RDD), which reflect the combined situation of sand
drift potential. The ratio of RDP to DP is known as the wind
direction variation index, which is also an important indicator
reflecting the wind regime in the study area.
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3. Results

3.1. Sand-Driving Wind

3.1.1. Sand-Driving Wind Regime in Different
Seasons in Sandy Areas

Using wind speed and wind direction data from Shazhuyu
and Guinan stations, the following analysis examines the
sand-driving wind regime in the Talatan and Mugetan sandy
areas according to different seasons. The maximum wind
speed refers to the highest wind speed recorded during
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sand-driving events in each direction over the three-year
period for each season. The average wind speed represents the
mean wind speed of all sand-driving events in each direction
over the three-year period for each season. The average fre-
quency indicates the annual average number of sand-driving
events in each direction during each season.

1). Spring Season

Based on wind speed and wind direction data from Sha-
zhuyu and Guinan stations, a wind speed and direction map
for sand-driving wind in spring is constructed, as shown in
Figure 2.
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Figure 2. Maximum wind speed, average wind speed and annual frequency of sand-driving wind at each position in spring.

Observation at Shazhuyu Station revealed that there were
155 sand-driving wind events in the WNW direction, ac-
counting for 75% of the total sand-driving wind events. The
combined number of wind events in the W, WNW, and NW
directions reached 190, representing 91% of the total. This
suggests that the dominant wind direction in Talatan is WNW,
followed by W and NW. On the other hand, Guinan Station
observed 9 sand-driving wind events each in the WNW, NW,
and ESE directions, accounting for 69% of the total. The
combined number of wind events in the W, WNW, and NW
directions made up 54% of the total, while those in the E, ESE,
and SE directions accounted for 36%. This indicates that the
primary wind directions in Mugetan are W, WNW, and NW,
with secondary directions being E, ESE, and SE. The maxi-
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mum wind speed and maximum value of average wind speed
observed at Shazhuyu Station were 14.8m/s and 8.2m/s, re-
spectively, both occurring in the WNW direction. For Guinan
Station, the corresponding values in the primary WNW di-
rection were 9.8m/s and 7.4m/s, while in the secondary ESE
direction, they were 9.8m/s and 7.1m/s, respectively, These
findings suggest that the main wind speeds in Talatan are also
concentrated in the WNW direction, while in Mugetan, they
are distributed in both the WNW and ESE directions.

2). Summer Season

Based on wind speed and wind direction data from Sha-
zhuyu and Guinan stations, a wind speed and direction map
for sand-driving wind in summer is constructed, as shown in

Figure 3.
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Figure 3. Maximum wind speed, average wind speed and annual frequency of sand-driving wind at each position in summer.
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Observations at Shazhuyu Station revealed that there were
12 sand-driving wind events in the WNW direction, ac-
counting for 52% of the total. The combined number of wind
events in the N and NNE directions totaled 9, representing 39%
of the total. This indicates that the dominant wind direction in
Talatan is WNW, with secondary directions being N and NNE.
On the other hand, Guinan Station observed 6.4 sand-driving
wind events in the E and ESE directions, accounting for 68%
of the total. The combined number of wind events in the WSW,
W, and WNW directions made up 32% of the total. This
suggests that the primary wind directions in Mugetan are E
and ESE, with secondary directions being WSW, W, and
WNW. The maximum wind speed and maximum value of
average wind speed observed at Shazhuyu Station were
9.4m/s and 7.0m/s, respectively, both occurring in the NNE

Shazhuyu

Number of sand-driving winds

Y —
i}

 Maximum wind

speed/m Average wind speed/m’s

1d-driving winds/m/s

ed of

Wind spe

direction. However, the corresponding values were also rec-
orded in the N and WNW directions, with speeds of 9.2m/s
and 7.0m/s, indicating that wind speeds in the northern sector
(N and NNE) are slightly higher than those in the Western
sector (WNW). For Guinan Station, the maximum wind speed
of 8.2m/s was recorded in the E direction, while the maximum
value of average wind speed of 7.3m/s was observed in the W
direction. However, there was not a significant difference in
wind speeds between the primary and secondary wind direc-
tions.

3). Autumn Season

Based on wind speed and wind direction data from Sha-
zhuyu and Guinan stations, a wind speed and direction map
for sand-driving wind in autumn is constructed, as shown in
Figure 4.
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Figure 4. Maximum wind speed, average wind speed and annual frequency of sand-driving wind at each position in autumn.

Observations at Shazhuyu Station indicate that there were
59 sand-driving wind events in the WNW direction during
autumn, accounting for 69% of the total. The combined
number of wind events in the W, WNW, and NW directions
reached 84, representing 99% of the total. This strongly sug-
gests that the dominant wind direction in Talatan is WNW,
followed by W and NW. On the other hand, Guinan Station
recorded an annual average of 3.3 sand-driving wind events.
Among these, 2.7 events occurred in the W, WNW, and NW
directions, constituting 81% of the total. The remaining 19%
were distributed in the E and ESE directions. This indicates
that the primary wind directions in Mugetan are W, WNW,
and NW, but the frequency of sand-driving wind is very low.
The maximum wind speed and maximum value of average
wind speed observed at Shazhuyu Station were 15.0m/s and
7.9m/s, respectively, both occurring in the WNW direction.
For Guinan Station, the maximum wind speed was 6.6m/s,
with a minimum of 6.4m/s. The maximum value of average
wind speed was 6.6m/s, and the minimum was 6.2m/s. These
findings suggest that Talatan experiences strong winds pri-
marily in the WNW direction,, while Mugetan has a more
varied wind pattern with less consistently strong winds. At
Shazhuyu Station, the highest wind speed recorded was
15.0m/s, and the average wind speed was 7.9m/s, both oc-
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curring in the WNW direction. At Guinan Station, the highest
wind speed was 6.6m/s, with the lowest recorded at 6.4m/s.
The average wind speed had a high of 6.6m/s and a low of
6.2m/s. These findings suggest that Talatan experiences
stronger winds primarily in the WNW direction.

4). Winter Season

Based on wind speed and wind direction data from Sha-
zhuyu and Guinan stations, a wind speed and direction map
for sand-driving wind in winter is constructed, as shown in
Figure 5.

In the WNW direction of Shazhuyu, there were 115
sand-driving wind events, accounting for 75% of the total.
The combined number of wind events in the W, WNW, and
NW directions reached 153, representing 100% of the total.

This clearly indicates that the primary wind direction in
Talatan is WNW, followed by W and NW. At Guinan Station,
there were 7 sand-driving wind events in the W direction,
accounting for 45% of the total. The combined number of
wind events in the WNW, W, and WSW directions constituted
89% of the total, indicating that the primary wind directions in
Mugetan are WNW, W, and WSW, with W being the most
dominant. The maximum wind speed and maximum value of
average wind speed at Shazhuyu were 14.0m/s and 8.0m/s,
respectively, both occurring in the WNW direction. For
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Guinan, the corresponding values in the primary wind direc-
tion were 8.7m/s and 7.0m/s, occurring in the W direction.
From these observations, it can be concluded that the primary
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wind speed in Talatan is also located in the WNW direction,
while it is in the W direction for Mugetan.
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Figure 5. Maximum wind speed, average wind speed and annual frequency of sand-driving wind at each position in winter.

In summary, the primary wind direction in Talatan is WNW
throughout the four seasons. Not only does the WNW direc-
tion have a significant advantage in the number of
sand-driving wind events, but it also concentrates maximum
wind speed and maximum value of average wind speed. On
the other hand, Mugetan has distinct primary and secondary
wind directions throughout the four seasons. The primary
wind directions in spring, autumn, and winter are WNW, W,
WSW, and NW, while the secondary directions are E and ESE.
In summer, the situation is reversed. The maximum wind
speed and maximum value of average wind speed are con-
centrated in the primary wind direction. Furthermore, based
on the number of sand-driving wind events, Talatan has the
highest frequency in spring (209 events) followed by winter
(153 events), autumn (85 events), and summer (23 events).
For Mugetan, the order is spring (39 events) > winter (15
events) > summer (9.4 events) > autumn (3.3 events). When
considering the maximum value of average wind speed,
Talatan has the highest values in spring (8.2m/s) followed by
winter (8.0m/s), autumn (7.9m/s), and summer (7.0m/s). For
Mugetan, the order is spring (7.4m/s) > summer (7.3m/s) >

winter (7.0m/s) > autumn (6.6m/s).

3.1.2. Annual Sand-Driving Wind Regime in Sandy
Areas

The period from June 2019 to May 2020 is designated as
the 2019-2020 year, June 2020 to May 2021 as the 2020-
2021 year, and June 2021 to May 2022 as the 2021-2022 year.
The maximum wind speed refers to the highest wind speed
recorded during all sand-driving wind events in that year. The
average wind speed represents the mean wind speed of all
sand-driving wind events in that year. The number of
sand-driving wind events refers to the total count of such
events in that year. The sand-driving wind frequency is cal-
culated by dividing the number of sand-driving wind events
by the total number of wind speed recordings in that year.
Hourly data is used for the annual analysis, so the total
number of wind speed recordings in a year is 8760.

Based on the sand-driving wind statistics from the Sha-
zhuyu and Guinan meteorological stations, the following
Table 1 is constructed:

Table 1. Maximum wind speed and average wind speed of sand-driving wind in every year in Shazhuyu and Guinan (m/s).

Shazhuyu Guinan
. Number of  Sand-driving . Number of  Sand-driving
Maximum Average L . Maximum Average L .
- . sand-driving wind fre- . . sand-driving wind fre-
wind speed  wind speed . wind speed  wind speed .
wind events  quency wind events  quency

2019-2020 14.3 7.9 386 4.4% 9.3 6.8 66 0.75%
2020-2021 13.3 7.9 529 6.0% 9.0 6.6 73 0.83%
2021-2022 14.8 7.7 487 5.6% 9.8 7.1 61 0.70%
2019-2022 14.8 7.83 1402 5.3% 9.8 6.82 200 0.76%
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Based on the table above, it can be observed that regardless
of whether it's for each individual year or across all three years,
the number of sand-driving wind events in Shazhuyu is ap-
proximately seven times that of Guinan. The maximum wind
speed in Shazhuyu is approximately 5m/s higher than that in
Guinan, while the average wind speed is approximately 1m/s
higher. Overall, the wind speed in Talatan is significantly
greater than that in Mugetan.

3.2. Sand Drift Potential

The following calculated values of sand drift potential
represent the average for each direction over the course of

Il 0oPNVU| N

08 - NNW o NNE

07 1 ;

06 NW NE

05

04 /

03] WNW \ ENE
02 { \
0.1+ [ \
00 wl 1E
0.1 | |
02 \ /
037 wew /ESE
04

05-

06 sw SE

071 S .

08 ssw ———"ssE

S
Guinan

three years for the respective season. Since wind energy be-
low 200V U is considered low, the second decimal place of the
sand drift potential value has a minimal impact on the classi-
fication of wind energy environments. To simplify calcula-
tions, sand drift potential values less than 0.01VU have been
disregarded in the subsequent analysis.

3.2.1. Analysis by Season

1). Spring
Refer to Figure 6 for the sand drift potential in Talatan and
Mugetan during the spring season.
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Figure 6. Rose plots of sand drift potentiall at each position in spring in Shazhuyu and Guinan.

In the spring season, in Talatan, the highest values were
observed in the WNW direction with a maximum of 25.6VU,
followed by 2.1VU in the W direction, and 1.3VU in the NW
direction. The algebraic sum of sand drift potential in Talatan
was 29.4VU, with the WNW direction contributing 87% of
this total. In Mugetan, the maximum sand drift potential was
0.73VU in the WNW direction, with additional significant
values of 0.53VU in the ESE direction, and lower values of
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0.14VU and 0.12VU in the W and NW directions, respectively.
The algebraic sum of sand drift potential in Mugetan was
1.70VU, with the WNW direction accounting for 43% and the
ESE direction for 31% of the total.

2). Summer

Refer to Figure 7 for the sand drift potential in Talatan and
Mugetan during the summer season.
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Figure 7. Rose plots of sand drift potentiall at each position in summer in Shazhuyu and Guinan.
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In the summer season, all sand drift potential values for all
directions in Talatan and Mugetan were less than 1.0VU. Only
three sand drift potential values were >0.1VU, all of which
were observed in Talatan. The maximum value was 0.43VU in
the WNW direction, followed by 0.26VU and 0.21VU in the
N and NNE directions, respectively. The maximum sand drift
potential in Mugetan was 0.095VU in the E direction, fol-
lowed by 0.061VU in the W direction. sand drift potential
values for all other directions were less than 0.05VU. Addi-
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tionally, the algebraic sum of sand drift potential in Talatan
was 0.99VU, with the WNW direction contributing 43%, and
the N and NNE directions combined contributing 47%. For
Mugetan, the algebraic sum of sand drift potential was
0.25VU, with the E direction accounting for 38% and the W
direction accounting for 24%.

3). Autumn

Refer to Figure 8 for the sand drift potential in Talatan and
Mugetan during the autumn season.
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Figure 8. Rose plots of sand drift potentiall at each position in autumn in Shazhuyu and Guinan.

In the autumn season, there were only three sand drift po-
tential values >1.0VU for each direction in Talatan and Mu-
getan, all of which were observed in Talatan. The maximum
value was 9.3VU in the WNW direction, followed by 1.2VU
and 1.0VU in the NW and W directions, respectively. The
maximum sand drift potential in Mugetan was 0.014VU in the
NW direction, followed by 0.0073VU in the E direction. sand
drift potential values for all other directions were less than
0.007VU. Additionally, the algebraic sum of sand drift po-
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tential in Talatan was 11.5VU, with the WNW direction con-
tributing 81% of the total, and the NW and W directions
combined contributing 19%. For Mugetan, the algebraic sum
of sand drift potential was 0.039VU, with the NW direction
accounting for 36% and the E direction accounting for 19%.

4). Winter

Refer to Figure 9 for the sand drift potential in Talatan and
Mugetan during the winter season.
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Figure 9. Rose plots of sand drift potentiall at each position in winter in Shazhuyu and Guinan.

During the winter, In Talatan, the maximum value was

17.2VU in the WNW direction, followed by 2.2VU and
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1.2VU in the W and NW directions, respectively. The maxi-
mum sand transport potential value of Mugetan was 0.34VU
in the W direction, followed by 0.30VU in the WNW direc-
tion. The sand transport potential values in other directions
were all less than 0.03VU. Secondly, the algebraic sum of
sand transport potential in Talatan was 20.5VU, with 84% of
the total coming from the WNW direction, and 16% from the
NW and W directions. The algebraic sum of sand transport

potential in Mugetan was 0.70VU, with 49% of the total
coming from the W direction and 43% from the WNW direc-
tion.

3.2.2. General Analysis of the Sandy Area

Please see the following Table 2 for the sand transport po-
tential of Talatan and Mugetan in the four seasons.

Table 2. Sand drift potential in every season in Shazhuyu and Guinan.

Shazhuyu Guinan
Main sand Main sand Proportion of DP Main sand Main sand Proportion of DP
DP (VU) driftdirec- driftdirec- inthe mainsand DP (VU) driftdirec- drift direction in the main sand
tion tion DP (VU) drift direction tion DP (VU) drift direction
spring 29.4 WNW 25.6 87% 1.70 WNW 0.73 43%
summer  0.99 WNW 0.43 43% 0.25 E 0.095 38%
autumn 11.5 WNW 9.3 81% 0.039 NW 0.014 36%
winter 20.5 WNW 17.2 84% 0.70 w 0.34 49%

Based on the table provided, it is evident that the dominant
sand drift direction in Talatan is highly consistent, primarily in
the WNW direction, accounting for a significant proportion of
the total, exceeding 80% in three seasons except for summer,
where it is 43%. In contrast, the dominant sand drift directions
in Mugetan are more diverse, with the western direction being

the primary one in spring, autumn, and winter, averaging 43%.

However, in summer, the dominant direction shifts to the east.
When comparing the seasonal variations in sand drift poten-
tial, Talatan exhibits a clear pattern with spring being the
highest, followed by winter, Autumn, and Summer. The dif-
ferences are pronounced, forming an arithmetic sequence with
a common difference of approximately 10VU. On the other
hand, Mugetan also shows significant seasonal variations,
with spring being the highest, followed by Winter, Summer,

and Autumn. Notably, the difference between Autumn and
Spring is the most significant, with Autumn's sand drift po-
tential being only 2% of Spring's, and Summer being 15% of
Spring's. Unlike Talatan, the order of Summer and Autumn is
reversed in Mugetan.

3.3. Resultant Sand Drift Potential, Resultant
Sand Drift Direction, and Wind Direction
Variability Index

The resultant sand drift potential (RDP), resultant sand drift
Direction (RDD), and Wind Direction Variability Index
(RDP/DP) for Talatan and Mugetan were calculated based on
the aeolian data. These values are presented in Table 3 below.

Table 3. DP (VU), RDP (VU), RDD and RDP / DP in every season in Shazhuyu and Guinan.

Shazhuyu Guinan

DP RDP RDP /DP RDD DP RDP RDP /DP RDD
spring 29.4 29.0 99% WNW 1.70 0.32 19% WNW
summer 0.99 0.78 97% NNW 0.25 0.046 18% SE
autumn 11.5 11.4 99% WNW 0.039 0.016 41% NW
winter 20.5 20.3 99% WNW 0.70 0.61 87% w
All year round 62.39 61.48 99% WNW 2.689 0.89 33% w
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Based on Table 3, the resultant sand drift Direction (RDD)
for Talatan remains consistently WNW throughout the four
seasons and the annual average, indicating a predominantly
unidirectional sand drift. In contrast, the RDD for Mugetan
varies significantly across the seasons, but predominantly
remains westward except for summer. The annual RDD for
Mugetan is also westward. In terms of the annual sand drift
potential, both Talatan and Mugetan exhibit values less than
200 VU, indicating a low-wind energy environment. Notably,
the annual sand drift potential for Mugetan is particularly low,

amounting to only 2.689 VU, which is 4.3% of Talatan's value.

Talatan exhibits a very high index, with values close to 0.99
for all seasons except summer (0.97), indicating a narrow and
unidirectional wind regime. In contrast, Mugetan experiences
more variable wind regime, with the index ranging from a low
of 0.18 in summer to a high of 0.87 in winter. The annual
average index for Mugetan is 0.33, indicating more variable
wind directions compared to Talatan. Combined with the sand
drift rose diagrams, we can classify the wind regime as fol-
lows: Talatan exhibits a narrow single-peak wind regime,
while Mugetan has a compound wind regime in spring and
summer, a blunt double-peak wind regime in autumn, and a
sharp double-peak wind regime in winter.

4. Discussion

4.1. Comparative Analysis of Wind Regime in
the Gonghe Basin

Chen Zongyan et al. [22] utilized wind data from Chaka,
Gonghe, and Guinan stations between 2012 and 2015 to an-
alyze the wind-blown sand environment in the Gonghe Basin
(hereinafter referred to as the 2018 article). Additionally, they
used wind data from these three stations between 1971 and
2015 to analyze the wind characteristics and trends in the
basin [23] (hereinafter referred to as the 2020 article). This
study uses data from Shazhuyu and Guinan stations from June
2019 to May 2022. The results show that the dominant wind
direction and average wind speed of the sand-driving wind at
Guinan Station, as well as the sand drift potential in spring,
summer, and autumn, are similar to those reported in the 2018
article. However, there are significant differences in the RDP
and DP values for winter. The 2018 article reported values of
7.0 VU and 6.6 VU, respectively, while this study found
values of 0.70 VU and 0.61 VVU. This suggests that while there
has been little change in the wind speed and direction of the
sand-driving wind at Guinan from 2012 to 2022, the decrease
in winter sand drift potential may be due to a reduction in the
frequency of sand-driving wind events.The 2020 article ana-
lyzed the DP and RDP at Guinan from the 1970s to the 2000s,
finding values of 68.30, 21.00, 6.90, 3.80 VU and 52.50,
13.60, 5.50, 2.20 VU, respectively, showing a decreasing
trend with narrowing amplitudes. This study calculates the DP
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and RDP for the first three years of the 2020s as 2.69 VU and
0.89 VU, respectively, which is consistent with and continues
this trend.

On the Qinghai-Tibet Plateau, the eastern sandy area of
Qinghai Lake Located in the northern part of the study area is
separated by the Qinghai South Mountain. According to re-
search [26], the sand-driving winds in the eastern sandy area
of Qinghai Lake in March, April, and May of 2006, 2009,
2012, and 2015 were dominated by the west wind group, with
DP mainly in the directions of W, WNW, WSW, and SW. The
annual DP values were less than 200 VU, indicating a
low-wind-energy region with either a single-peak or narrow
double-peak wind condition.The Wulan County, situated in
the east of the Qaidam Basin, borders the western end of the
Gonghe Basin. Studies [20] show that the primary and sec-
ondary wind directions in Wulan during spring are WSW and
NNE, respectively, with an annual DP of 34.0 VU, classifying
it as a low-wind-energy region with a blunt double-peak wind
regime.Both the eastern sand area of Qinghai Lake and Wulan
County belong to low-wind-energy regions. The sand-driving
winds in spring are predominantly from the west wind group
in all three locations, albeit with variations in wind regime.
Specifically, the eastern sandy area of Qinghai Lake exhibits a
single-peak or narrow double-peak wind condition, similar to
that of Talatan, while Mugetan presents a compound wind
regime during spring. Wulan County falls somewhere in be-
tween, with a blunt double-peak wind regime. In summary,
the characteristics of sand-driving winds and DP in the sandy
areas on both sides of Longyang Gorge, as well as in the
eastern sandy area of Qinghai Lake to the north and Wulan
County to the west, are relatively similar.

While the dominant wind direction at Mugetan is the
westerly group, there are still easterly sand-driving wind
present in all four seasons. Due to the very low sand drift
potential, despite the abundance of sand sources,
wind-blown sand into the reservoir is not severe. In contrast,
the sand-driving wind and sand drift potential at Talatan are
both relatively high, with a predominantly WNW wind di-
rection and a high wind direction variability index. In addi-
tion, there are abundant sand sources and a flat terrain at
Talatan and the northwest shore of Longyangxia Reservoir.
Therefore, the wind-blown sand at Talatan poses a signifi-
cant hazard to Longyangxia Reservoir. When addressing the
issues at the two sites, the focus should be on Talatan. In
addition to traditional methods such as sealing sand areas,
planting vegetation, and setting up grass squares, actively
building photovoltaic bases is also a good measure for sand
control.

4.2. Analysis of the Causes of Wind Regime
Differences Between Talatan and Mugetan

Many scholars [34-36] have analyzed the wind regime and
influencing factors of the Gonghe Basin as a whole, with
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relatively little research on the differences in wind speed and
direction between the two sites in the southeastern part of the
basin. Factors that affect wind speed and direction typically
include Earth's rotation, the Coriolis force, temperature dif-
ferences between land and ocean, seasonal factors, terrain,
temperature, precipitation, and horizontal pressure gradient
force [37-43] Since the straight-line distance between Sha-
zhuyu Station and Guinan Station is approximately 90 km, the
effects of Earth's rotation, the Coriolis force, and temperature
differences between land and ocean can be neglected. Since
we are comparing sand-driving wind in the same season,
seasonal factors are also not considered. The reasons for the
significantly higher maximum wind speed, average wind
speed, frequency, seasonal sand drift potential, and annual
sand drift potential at Talatan compared to Mugetan can be
attributed to the following three factors:

Terrain: Gonghe Basin generally trends in the WSW-ESE
direction, with a narrow width in the west and a wide width in
the east, resembling a gourd shape. In the west, it is connected
to the Qaidam Basin, and in the east, it reaches the Xiging
Mountain of the Qinling Mountains. The east-west length axis
of the basin is approximately 300 kilometers. The north-south
direction is the narrowest at the westernmost end of the basin,
at about 30 kilometers, and the widest at the left bank of the
Longyang Gorge, at about 90 kilometers. When the atmos-
pheric circulation of the Qaidam Basin enters the Gonghe
Basin, the wind speed gradually decreases due to the basin's
gradual widening from north to south. Additionally, due to the
orientation of the basin, the wind direction in Shazhuyu is
almost entirely WSW. After the westerly wind passes through
Shazhuyu, the degree of widening in the north-south direction
of the basin intensifies, forming a "horn effect," which causes
air expansion, pressure reduction, and gradual weakening of
the wind speed. After crossing the Longyang Gorge Reservoir,
it is further blocked by the Chanashan on the right bank of the
reservoir, causing the wind speed entering Mugetan to de-
crease again.

Precipitation: From June 2019 to May 2022, there were 27
months where the monthly precipitation at the Guinan Station
was greater than that at the Shazhuyu Station, with an average
difference of 19.8mm. Only 9 months had lower precipitation
at the Guinan Station, with an average difference of 4.6mm
lower. This indicates that precipitation suppresses wind speed
and the frequency of sand-driving wind.

Wind direction stability: The wind direction in Talatan is
much more stable compared to Mugetan. When the wind
direction is relatively stable, air flow forms a relatively con-
sistent and continuous airflow channel. In this situation, the
wind speed may be relatively high, as a stable wind direction
facilitates the continuation and strengthening of air flow,
reducing energy dissipation and turbulence generation. The
above analysis is qualitative, and further quantitative research
is needed for specific quantification.

5. Conclusions

The dominant wind direction for Talatan is WNW across all
four seasons, while Mugetan experiences westerly winds
during spring, autumn, and winter, shifting to easterly winds
in summer. Both areas exhibit their highest wind speeds in
their respective dominant wind directions. When assessing
wind energy based on sand-driving wind frequency, average
wind speed, and maximum wind speed, Talatan ranks as fol-
lows: spring > winter > autumn > summer. Mugetan's ranking
is: spring > winter > summer > autumn. Talatan experiences
approximately seven times as many sand-driving wind events
as Mugetan, with its maximum wind speeds being approxi-
mately 5m/s higher and average wind speeds around 1m/s
higher than those in Mugetan." Both Talatan and Mugetan
have annual sand drift potentials less than 200U, indicating
low wind energy environments, but the annual average sand
drift potential for Talatan is 23 times higher than that of Mu-
getan. Talatan has a very high wind direction variability index,
exhibiting a narrow single-peak wind regime. Mugetan, on the
other hand, experiences a wider range of wind direction var-
iability indices, with compound wind regime during spring
and summer, a blunt double-peak in autumn, and a sharp
double-peak in winter. The significant differences in
sand-driving wind regime between Talatan and Mugetan are
primarily attributed to differences in terrain, precipitation,
wind direction stability.

When formulating the wind-sand control plan for Long-
yangxia Reservoir, it is necessary to comprehensively con-
sider the seasonal distribution of wind speed, wind direction,
and sand drift potential in Talatan and Mugetan. The primary
focus should be on preventing and controlling the wind-sand
brought by the west wind in spring. Furthermore, the fact that
the annual sand drift potential of Talatan is significantly
higher than that of Mugetan underscores the importance of
considering local meteorological differences when assessing
the feasibility of wind energy projects. Attributing these dif-
ferences to factors such as terrain, precipitation, and wind
direction stability emphasizes the interdisciplinary nature of
wind energy research, which is crucial for comprehensively
understanding the interactions between environmental factors
and their impact on the quality of wind energy resources.

Abbreviations

WNW West Northwest
North

NNE North North East

NE Northeast

ENE East Northeast
East

ESE East Southeast

SE Southeast

SSE South South East

S South
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SSW South South West

Sw Southwest

WSW West Southwest

W West

NW Northwest

NNW North North West

DP Sand Drift Potential

RDP Resultant Sand Drift Potential
RDD Resultant Sand Drift Direction
VU Vector Units
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