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Abstract
Yardang landforms represent a weak link in aeolian geomorphology research,
and significant breakthroughs from morphological description to quantitative
investigation have yet to emerge, necessitating innovative studies integrated with
new technological approaches. The Lop Nur region of Xinjiang is characterized
by extreme aridity and intense wind erosion, with widely distributed yardangs
developed during different periods, making it an ideal area for studying yardang
morphological characteristics. Using Google Earth, morphological parameters
including length and width were measured and analyzed for 1,000 individual
yardangs across four sub-regions of the Bailongdui yardangs along the prevailing
wind direction in the Lop Nur region of Xinjiang. The results indicate that while
certain regional variations exist in morphological parameters such as length,
width, and length-to-width ratio (R value) among the four sub-regions of the
Bailongdui yardangs, they are generally similar overall. The mean yardang
length is 63.42 m, with 65% concentrated between 25.00–75.00 m; the mean
width is 13.97 m, with 80% distributed between 5.00–20.00 m; and the mean R
value is 4.37, with 80% concentrated between 2.00–6.00. The mean R value of
the Bailongdui yardangs is generally close to the R value of yardangs developed
under specific wind field conditions (R=4.00). Therefore, regional wind erosion
has shaped a relatively stable yardang morphology, which is essentially similar to
that formed by wind erosion under specific conditions. Although wind dynamics
constitute the primary shaping force for Bailongdui yardang morphology, factors
such as stratigraphic lithology, surface salt crust, and extremely arid climate also
exert important influences. The morphological variation characteristics of the
Bailongdui yardangs can provide regional insights for a deeper understanding
of yardang landform development processes.
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Full Text
Preamble
Yardang landforms represent a relatively weak link in the study of aeolian ge-
omorphology, with research progressing slowly from morphological description
to quantitative analysis. Innovative investigations employing new technological
approaches are urgently needed. The Lop Nur region of Xinjiang experiences an
extremely arid climate with intense wind erosion, hosting extensively developed
yardangs from different periods that make it an ideal area for studying yardang
morphology. Using Google Earth imagery, we measured and analyzed morpho-
logical parameters including length and width for 1,000 individual yardangs in
the Bailongdui Yardang area of Lop Nur along the prevailing wind direction.
The results demonstrate that while certain regional variations exist in morpho-
logical parameters such as length, width, and length-width ratio (R value) across
four subregions, the overall characteristics are similar. The yardangs exhibit a
mean length of 63.42 m, with the majority falling between 25.00–75.00 m; the
mean width is 13.97 m, concentrated in the 5.00–20.00 m range. The mean R
value of Bailongdui Yardangs is approximately 4.00, with 80% distributed be-
tween 2.00–6.00, closely approaching the R value of yardangs developed under
specific wind field conditions (R = 4.00). Therefore, regional wind erosion has
shaped a relatively stable yardang morphology that essentially approximates the
form created under particular wind erosion conditions. Although wind dynamics
constitute the primary shaping force for Bailongdui Yardang morphology, fac-
tors such as stratigraphic lithology, surface salt crust, and extreme arid climate
also exert important influences. The morphological variation characteristics of
Bailongdui Yardangs provide regional insights for deepening our understanding
of yardang development processes.

Keywords: yardang; morphology; genesis; Lop Nur

Yardangs are aeolian erosion landforms typically distributed along desert mar-
gins in arid regions with scarce precipitation, flat and exposed surfaces, and
intense sand transport activity—conditions favorable for yardang development.
China represents a primary distribution area for yardangs, particularly in Lop
Nur and the Hami Basin of Xinjiang, as well as the Qaidam Basin, where
yardang landforms are extensively developed. Understanding of yardangs has
a long history, with early work focusing on morphological description, classify-
ing them into forms such as long-ridge-shaped and streamlined configurations.
Quantitative description primarily involves analyzing morphological parameters
including length, width, height, and length-width ratio (R value), which varies
significantly across different regions, ranging from 1.00 to 40.00. Due to the
diversity and complexity of yardang morphology, fundamental morphological
parameters reflecting the essential attributes of yardang landforms have yet to
be extracted.

Wind tunnel experiments demonstrate that homogeneous rock layers under spe-
cific wind field conditions develop relatively stable yardang morphology (R =
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4.00), where airflow resistance is minimized and no significant lee-side vortices
appear. Although long-term wind erosion reduces individual yardang size, their
morphology remains unchanged, representing a stable yardang form. However,
because yardang formation and development involve multiple environmental
factors including wind force, stratigraphic lithology, climate, surface conditions,
and tectonic movement, variations in the degree and manner of each factor’s
influence result in morphological differences across regions. Consequently, study-
ing yardang morphology, stratigraphic lithology, and climatic characteristics in
different global regions contributes to further understanding of yardang genesis,
development processes, and erosion mechanisms.

2 Data and Methods
2.1 Study Area

The Bailongdui Yardang is distributed in the Lop Nur region of eastern Tarim
Basin, Xinjiang (40°26�24�–41°02�24�N, 90°56�24�–91°34�12�E). Lop Nur experi-
ences a warm temperate continental extreme arid desert climate with a mean
annual temperature of 11.8°C, extreme maximum temperature of 70.0°C, and
extreme minimum temperature of -10.7°C. The region is extremely arid with an-
nual precipitation below 20 mm and potential evaporation reaching 3,000 mm.
Situated between the eastern Tianshan Mountains and the Altai Mountains, the
area is influenced by the Mongolian-Siberian High, resulting in prevailing stable
northeasterly winds near the surface. Strong eastward airflow occurs throughout
the year, particularly in spring and summer, with mean wind speeds exceeding
2.5 m・s−1 and extreme maximum wind speeds of 40 m・s−1. The region experi-
ences 18.6 days of strong winds annually, with frequent sand transport activity.
This intense erosion has led to extensive yardang development across Lop Nur,
including the Bailongdui, Longcheng, Sanlongsha, and Loulan area yardangs.

The Lop Nur region began subsiding at the end of the Triassic and became
the convergence center of the Tarim Basin during the Pliocene, now covered by
massive lacustrine-fluvial strata. Bailongdui Yardang developed on gray-white
mudstone and sandstone from these lacustrine-fluvial sediments, which contain
substantial gypsum and other rock salts. The Bailongdui Yardang area extends
approximately 80 km in length and 20 km in width, with individual yardangs
being relatively large (300–400 m long) and mostly distributed independently.
Yardang bodies extend in a NE-SW direction, consistent with the prevailing
wind direction, featuring steep windward slopes and gentle leeward slopes.

2.2 Data Sources and Measurement Methods

This study primarily utilized Google Earth imagery, which achieves 0.3 m resolu-
tion in the Bailongdui Yardang distribution area. Given the large size of individ-
ual Bailongdui Yardangs, Google Earth imagery provides sufficient resolution for
measuring morphological parameters such as length and width. Additionally,
most Bailongdui Yardangs exist in a completely separated state, facilitating
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measurement of individual yardang dimensions. We selected four subregions
along the prevailing wind direction to measure yardang morphological param-
eters [Figure 1: see original paper]. Each subregion comprised 250 yardangs,
totaling 1,000 measured individuals. All measured yardangs were in an inde-
pendent distribution state [Figure 2: see original paper]. We measured length,
width, and orientation for each yardang [Figure 3: see original paper], with
length defined as the maximum distance along the long axis and width as the
maximum distance perpendicular to the long axis.

3 Results
3.1 Morphological Characteristics of Bailongdui Yardangs

The 1,000 yardangs measured across four subregions exhibit the characteristic
of developing along the prevailing wind direction. Regional yardangs extend
approximately NE 40°–50°, with each subregion showing distinct morphological
features [Figure 2: see original paper]. In Subregion 1, yardang lengths range
from 20.81–237.90 m (mean 97.11 m), widths from 5.00–30.00 m (mean 11.17
m), and R values from 1.10–16.70 (mean 5.35). In Subregion 2, lengths range
from 8.92–135.48 m (mean 35.52 m), widths from 4.31–27.00 m (mean 10.19 m),
and R values from 1.08–10.74 (mean 4.31). In Subregion 3, lengths range from
10.65–181.30 m (mean 56.28 m), widths from 5.00–20.00 m (mean 12.77 m), and
R values from 2.03–10.00 (mean 4.64). In Subregion 4, lengths range from 5.35–
388.91 m (mean 64.75 m), widths from 2.65–37.11 m (mean 15.73 m), and R
values from 2.65–28.74 (mean 4.31).

Overall, Bailongdui Yardangs present relatively consistent morphological char-
acteristics, with individuals extending in a NE-SW direction. Length, width,
and R values are generally uniform, though some subregional differences ex-
ist [Figure 4: see original paper]. For the entire dataset: lengths range from
5.35–388.91 m (mean 63.42 m), with 65% concentrated between 25.00–75.00
m; widths range from 2.65–37.11 m (mean 13.97 m), with 80% between 5.00–
20.00 m; R values range from 1.08–16.70 (mean 4.37), with 80% between 2.00–
6.00. Compared with other yardangs in inland Asia, Bailongdui Yardangs are
relatively large, similar in size to those in the Mangya, Dachaidan, and Gol-
mud areas of the Qaidam Basin, larger than those in the lower reaches of the
Kongque River and the Qiangqike Valley in Lop Nur, but smaller than those in
the Lenghu and Chaerhan Salt Lake areas of the Qaidam Basin [15–16,18,22].

Global comparisons reveal that despite all being distributed in extremely arid re-
gions, yardang morphology varies considerably worldwide, including long-ridge-
shaped, streamlined, and boat-capsized forms, with R values ranging from 1.00–
40.00. Most of these values differ from those of Bailongdui Yardangs . Wind tun-
nel experiments indicate that stable yardang morphology (R � 4.00) forms under
specific wind field conditions. This study selected independently distributed Bai-
longdui Yardangs for measurement, and overall, R values increase significantly
with yardang length (R2 = 0.5641) [Figure 5: see original paper], indicating that
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longer yardangs become more elongated. However, no significant relationship
exists between width and R value (R2 = 0.0400) [Figure 6: see original paper].

3.2 Genesis Analysis of Bailongdui Yardangs

Yardangs primarily form through aeolian erosion, with wind serving as the main
developmental force, though other factors may influence their evolution, in-
cluding regional wind field characteristics (intensity, frequency, and direction),
stratigraphic lithology, surface conditions (exposure and vegetation), climatic
conditions (aridity), and regional tectonics. Among these, erosive force and
yardang stratigraphic composition constitute the two primary factors. These
elements collectively shape yardang morphology, though their degree and mode
of action vary across regions, resulting in certain morphological differences.

Bailongdui possesses the fundamental conditions for yardang development.
First, influenced by the Mongolian-Siberian High, the study area experiences
prevailing northeasterly winds, with strong near-surface eastward airflow
throughout the year, particularly in spring and summer, providing powerful
wind erosion dynamics for yardang formation. Second, the entire study area
consists primarily of lacustrine-fluvial deposits with broad lateral stratigraphic
consistency, representing the common yardang-developing strata in the arid
central Asian region. Third, Bailongdui Yardang lies in an extremely arid warm
temperate desert climate zone with extremely scarce precipitation, intense
evaporation, and complete absence of vegetation, creating ideal conditions for
yardang development.

Field investigations and Google Earth image analysis reveal that yardangs in all
four Bailongdui subregions exhibit consistent long-axis orientations in the NE-
SW direction. The orientation of yardangs in this region is similar to those in
other Lop Nur areas such as the lower Kongque River and Longcheng, consistent
with the near-surface prevailing wind direction. Bailongdui Yardangs display
typical aeolian erosion morphological characteristics: steep windward slopes,
relatively gentle leeward slopes, and long axes extending along the prevailing
wind direction [Figure 2: see original paper]. These yardangs maintain 基本
一致的基本形态 regardless of individual size, approximating the stable yardang
morphology formed under specific wind erosion conditions (R � 4.00), indicating
their formation through aeolian processes with wind erosion as the primary
force.

Although wind dynamics represent the main erosive force for Bailongdui
Yardang development and our measured yardangs are essentially in completely
independent states (suggesting they may have experienced more complete
development), certain differences exist between the measured R values (means
of 4.31–5.35) and the stable yardang morphology under specific wind field
conditions (R = 4.00). This indicates that other factors likely play a role in
Bailongdui Yardang development. Field surveys reveal that gypsum and other
rock salts are widespread in Bailongdui Yardang strata. In dry environments,
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these crystalline salts are extremely hard and effectively resist wind erosion.
Additionally, the yardang surface is bare and unvegetated, with a widespread
hard salt crust that forms through surface processes: intense wind erosion
causes salt-bearing rock layers to collapse and disperse around yardang bases;
these salts dissolve under minimal precipitation and rapidly recrystallize at the
surface; furthermore, extensive underground brine exists in the study area, and
under high temperatures, intense evaporation transports brine to the surface
through capillary action, crystallizing substantial salt and forming a crust.
This salt crust creates a hard protective layer at yardang toes and surfaces,
resisting wind erosion and influencing morphological development.

In summary, Bailongdui Yardangs primarily formed through aeolian erosion,
with other factors such as stratigraphic lithology, surface salt crust, and extreme
arid climate also influencing morphological development to varying degrees.

4 Conclusions
This study measured and analyzed length, width, and length-width ratio (R
value) morphological parameters of 1,000 yardang individuals across four subre-
gions in the Bailongdui area of Lop Nur using Google Earth imagery, yielding
the following conclusions:

1) Bailongdui Yardang individuals are relatively large, with length, width,
and R value morphological parameters being generally similar across the
four subregions. The mean yardang length is 63.42 m, concentrated in
the 25.00–75.00 m range; the mean width is 13.97 m, concentrated in the
5.00–20.00 m range; and the mean R value is 4.37, concentrated in the
2.00–6.00 range. A significant correlation exists between length and width
(R2 = 0.5425). As yardang length increases, morphology becomes more
elongated.

2) Although certain intraregional morphological differences exist in Bai-
longdui Yardangs, wind erosion has generally shaped a relatively stable
yardang morphology that approximates the form created under specific
wind erosion conditions.

3) Bailongdui Yardang development is influenced not only by wind dynam-
ics but also by other factors including stratigraphic lithology, surface salt
crust, and regional extreme arid climate, all of which affect yardang mor-
phological development.
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