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Abstract

UAV LiDAR technology was employed to measure the morphological parame-
ters, base area, and volume of 300 Caragana tibetica shrub coppice dunes on
the west side of Longyangxia Reservoir in the Gonghe Basin, aiming to eval-
uate the applicability of various formulas from the literature for estimating
the base area and volume of shrub coppice dunes and analyze the underlying
reasons. The results indicate: (1) UAV LiDAR can precisely measure the mor-
phology of Caragana tibetica shrub coppice dunes, with average relative errors
of the long axis (L), short axis (W), and height (H) being 0.70%, 1.13%, and
-1.67%, respectively, and their corresponding root mean square errors being
0.02 m, 0.03 m, and 0.03 m; the root mean square errors of planar accuracy
and three-dimensional accuracy are 0.03 m and 0.04 m, respectively, all meet-
ing the accuracy requirements. (2) The morphological parameters such as long
axis, short axis, and height of Caragana tibetica shrub coppice dunes exhibit
small variation ranges, with coefficients of variation between 0.26 and 0.33. The
morphological parameters are significantly correlated with each other (P<0.01),
indicating that the morphology of shrub coppice dunes results from synergis-
tic growth in length, width, and height. Additionally, the crust, dead shrubs,
and wind erosion pits on the surface of shrub coppice dunes all indicate that
the dunes have entered the decline stage from the mature stage. (3) The total
relative errors of the base area formulas 7[(L+W)/4]2, 7LW /4, and LW /2 for
Caragana tibetica shrub coppice dunes are -0.79%, -1.26%, and -37.14%, respec-
tively, with formulas 7[(L+W)/4]2 and 7LW /4 being suitable for this study
area. The total relative errors of the volume formulas 3xLWH/32, 7LWH/12,
LWH/6, 7H{[3(L+W)/4]2+H2} /6, and 7LWH/6 are -6.15%, -16.58%, -46.89%,
59.14%, and 66.83%, respectively; the modified volume formula 7LWH/10 has
a total relative error of 0.10% and low dispersion, making it more suitable for
this study area. In summary, when estimating the base area and volume of
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shrub coppice dunes, it is necessary to simultaneously consider the influences
of vegetation type, development stage, habitat, or sand source richness, thereby
selecting appropriate estimation methods based on site-specific conditions.

Full Text

Morphological Calculation of Caragana tibetica Nebkhas
Based on UAV LiDAR Technology in Gonghe Basin, Qing-
hai Province

SHANG Yili, LI Yue, XIAO Fengjun, NAN Weige, ZHANG Zhi,
WANG Lijie

School of Geography and Tourism, Shaanxi Normal University, Xi’ an, Shaanxi,
China

Abstract

This study employed unmanned aerial vehicle (UAV) LiDAR technology to
measure the morphological parameters, base area, and volume of 300 Cara-
gana tibetica nebkhas located west of the Longyangxia Reservoir in the Gonghe
Basin, Qinghai Province. The objective was to evaluate the applicability of
various estimation formulas for nebkha base area and volume reported in the
literature and to analyze the underlying reasons for their performance. The
results demonstrate: (1) UAV LiDAR enables precise measurement of C. tibet-
ica nebkha morphology, achieving average relative errors of 0.70%, 1.13%, and
-1.67% for the length axis (L), width axis (W), and height (H), respectively,
with corresponding root-mean-square errors (RMSEs) of 0.02 m, 0.03 m, and
0.03 m. The RMSEs for plane and three-dimensional accuracy were 0.03 m and
0.04 m, respectively, meeting all precision requirements. (2) The morphologi-
cal parameters (L, W, H) of C. tibetica nebkhas showed limited variation, with
coefficients of variation ranging from 0.26 to 0.33. All parameters exhibited sig-
nificant correlations (P < 0.01), indicating that nebkha morphology results from
coordinated growth in length, width, and height. Surface crusts, dead shrubs,
and wind erosion pits on the nebkhas further suggest a transition from mature
to declining developmental stages. (3) Among base area formulas, 7[(L+W)/4]2
and 71LW /4 performed well with total relative errors of -0.79% and -1.26%, re-
spectively, making them suitable for this study area. For volume estimation,
the modified formula 7LWH/10 yielded the smallest total relative error (0.10%)
and low dispersion, proving most appropriate. In contrast, formulas 7LWH/6
and LWH/6, derived from ellipsoid and triangular pyramid geometries, respec-
tively, were unsuitable. In summary, estimating nebkha base area and volume
requires careful consideration of vegetation type, developmental stage, habitat
conditions, and sand source availability to select appropriate methods tailored
to local conditions.

Keywords: nebkhas; drone laser point cloud; geometric formula; total relative
error

chinarxiv.org/items/chinaxiv-202509.00169 Machine Translation


https://chinarxiv.org/items/chinaxiv-202509.00169

ChinaRxiv [$X]

Nebkhas are typical aeolian landforms formed when sand particles accumulate
behind shrub vegetation under wind action. Their morphology, which varies
from hemispherical to ellipsoidal or conical shapes with heights ranging from
tens of centimeters to over ten meters, is influenced by wind dynamics, veg-
etation type, and sand source availability. These structures provide suitable
habitats for plants and animals while preserving moisture and nutrients, cre-
ating favorable conditions for vegetation growth. Consequently, nebkhas serve
as important indicators for analyzing local wind erosion and sand fixation pro-
cesses.

The morphology of nebkhas can be abstracted as mathematical geometric bod-
ies, enabling calculation of base area, profile area, and volume using morpho-
logical parameters such as length axis, width axis, and height. In plan view,
most nebkhas project as elliptical shapes resembling half-ellipsoids, allowing
area and volume estimation through modified elliptical and ellipsoidal formu-
las. However, due to variations in habitat, vegetation type, and developmental
stage, researchers have proposed multiple formulas for estimating nebkha base
area and volume (Table 1), which can differ by several orders of magnitude.
This necessitates critical evaluation of their applicability.

Precise measurement of morphological parameters is essential for validating
these formulas. Traditional field surveys involve establishing sample plots along
transects and measuring nebkhas using tape measures and compasses, which is
time-consuming, costly, and prone to error. While remote sensing and Google
Earth imagery can study nebkha distribution and planar morphology, retrieving
height information remains challenging and often lacks precision. UAV oblique
photogrammetry can transform two-dimensional imagery into three-dimensional
measurements, but it struggles to separate shrubs from sand masses, introducing
height measurement errors. UAV LiDAR technology offers significant potential
for accurately obtaining nebkha height information.

This study focuses on Caragana tibetica nebkhas in the Gonghe Basin of Qing-
hai Province, combining UAV LiDAR measurements with Matlab-based Aeolian-
Peak tools to precisely determine true nebkha heights and volumes. The research
systematically analyzes the morphological characteristics of these nebkhas and
evaluates the applicability of existing volume estimation formulas.

1.1 Study Area Overview

The Gonghe Basin in Qinghai Province (35°27 -36°56 N, 98°46 -101°22 E) is lo-
cated on the northeastern edge of the Tibetan Plateau and the northwestern
margin of the Asian monsoon region. Surrounded by mountains, the basin’ s
elevation decreases gradually from northwest to southeast, covering a total area
of 13,800 km?. The region experiences a cold, arid to semi-arid climate with
an average annual temperature of 0.7-6.3°C, significant temperature variations,
and abundant sunshine. Mean annual precipitation is 324.7 mm, while evapora-
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tion reaches 1,684.5 mm. Vegetation includes Achnatherum splendens, Stellera
chamaejasme, and Salsola collina. Due to climate change and human activities
since the early 21st century, lightly and moderately desertified areas in the basin
have increased by 584.33 km? and 215.74 km?, respectively, providing material
conditions for C. tibetica nebkha development. The study area features ¥Ef
5% C. tibetica nebkhas with relatively uniform sizes, predominantly in the
mature to declining developmental stages [Figure 1: see original paper].

1.2 Data Acquisition and Processing

Field investigations of C. tibetica nebkha morphology were conducted in May
2023. A DJI M300 RTK UAV equipped with a LiDAR sensor was used to
acquire orthoimages and laser point cloud data of the nebkhas. The morpho-
logical parameters (length axis, width axis, base area, height, and volume) were
extracted using LiDAR technology. For validation, length axes were measured
along the main wind direction and width axes perpendicular to it using tape
measures. Heights at both ends of the axes were measured with steel rulers and
averaged.

For height extraction, UAV LiDAR point cloud data were processed in DJI Terra
to generate DEMs with 0.1 m resolution. These were exported in Global Mapper
format and converted to ASCII files in ArcGIS Pro, where nebkha bases and
length axes were digitized. Zonal statistics identified maximum and minimum
heights. The length axis was converted to points at 0.1 m intervals using ArcGIS
Pro’ s “points along line” tool, and DEM values were extracted to these points.
In the AeolianPeak Matlab tool, maximum and minimum height values were
sequentially selected along each profile. The difference between these values
represents shrub height, which was subtracted from the total nebkha height to
obtain the sand-only height [Figure 2: see original paper].

Base area was calculated using ArcGIS Pro’ s geodesic area calculation tool with
Python rounding to six decimal places. Volume was computed using the surface
volume tool, which integrates the point cloud file with a baseline adjusted for
shrub height.

1.3.1 LiDAR Data Precision Evaluation

Three-dimensional model precision can be evaluated through plane accuracy,
height accuracy, 3D accuracy, orthoimage precision, model detail, and texture
detail. This study compared field-measured length axes, width axes, and heights
with corresponding values extracted from LiDAR data. RMSE was calculated
as:
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where d; is the difference between the ith measured value and LiDAR-extracted
value. Plane RMSE (RMSE and 3D RMSE (RMSE,p,) were computed as:

plane)

BN ’ ’
RMSEplane = \/n Z[(Lz - L1)2 + (Wz - W’L)z}
i=1

1 n
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where L;, W;, H; and L;, W/, H; are the measured and LiDAR-extracted values
for the ith nebkha.

1.3.2 Geometric Formula Precision Evaluation

To assess formula accuracy, 30 nebkhas of varying sizes were randomly selected.
Total relative error (TRE) and variance (o) were calculated by comparing mea-
sured and computed values:
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where X and X, are the computed and measured values for the ith formula.

2.1 LiDAR Data Precision Verification

Precision was evaluated for 30 C. tibetica nebkhas . Relative errors ranged from
-7.89% to 9.80% for length axis, -0.28% to 1.46% for width axis, and -0.63%
to 4.10% for height, with average relative errors of 0.70%, 1.13%, and -1.67%,
respectively. RMSEs were 0.02 m, 0.03 m, and 0.03 m for length, width, and
height, respectively, with plane and 3D RMSEs of 0.03 m and 0.04 m. These
statistics confirm that the LiDAR data meet precision requirements.

2.2.1 Statistical Analysis of Nebkha Morphological Parameters

The C. tibetica shrub coverage on nebkha surfaces showed little variation, in-
dicating mature to declining stages. The nebkhas exhibited spherical-crown
shapes with rounded tops and gentle slopes [Figure 1: see original paper]. Plan
views were elliptical, while side profiles displayed arch-like characteristics.

Measurements of 300 nebkhas revealed length axes of 0.68-2.49 m (mean: 1.19
m), width axes of 0.58-2.69 m (mean: 1.20 m), and heights of 0.11-1.25 m
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(mean: 0.51 m). Coefficients of variation were small (0.26-0.33), indicating
uniform development and relatively small sizes. Profile areas ranged from 0.29-
1.34 m? (mean: 0.60 m?), while volumes varied from 0.05-1.89 m? (mean: 0.42
m?), reflecting modest sand-fixing capacity.

2.2.2 Correlation Analysis of Morphological Parameters

All morphological parameters showed significant correlations (P < 0.01) ,
demonstrating coordinated growth and interdependence. Length axis corre-
lated strongly with width axis (R? = 0.85) and height (R? = 0.61), while
width axis correlated with height (R? = 0.68). This linear relationship between
length and width axes indicates synchronized expansion during wind-driven
development [Figure 3: see original paper].

Profile area and volume followed a power function relationship, revealing non-
linear growth dynamics. Initially, profile area increased faster than volume,
but after reaching a threshold, volume growth accelerated. Height correlated
linearly with horizontal scale but showed a quadratic relationship with base area,
suggesting that height growth slows as base area expands, eventually stabilizing.

2.3 Evaluation of Nebkha Geometric Formulas

Thirty nebkhas were tested to evaluate formula accuracy . For base area, for-
mulas 7[(L+W)/4]?, 7TLW /4, and LW /2 yielded total relative errors of -0.79%,
-1.26%, and -37.14%, respectively. The first two formulas, based on elliptical
geometry, proved suitable for this study area, while the triangular-based LW /2
was inappropriate.

For volume, formulas 3rLWH /32, 7LWH /12, LWH/6, 7H{[3(L+W)/4]>+H?}/6,
and TLWH/6 produced total relative errors of -6.15%, -16.58%, -46.89%, 59.14%,
and 66.83%, respectively. The modified formula 7LWH/10 achieved the small-
est total relative error (0.10%) and lowest variance (0.0656 m?*), making it
optimal for this region. Formulas sfLWH/6 and LWH/6, derived from ellipsoid
and triangular pyramid geometries, respectively, were unsuitable [FIGURE:4,
FIGURE:5).

Discussion

Caragana tibetica nebkhas in the study area exhibited regional morphological
similarity, with variation coefficients (0.26-0.33) slightly lower than those re-
ported for stable-stage nebkhas in Damaoqi, Inner Mongolia (0.1-0.4). The
morphological parameters showed significant correlations, consistent with pre-
vious research on nebkha development. The finding that profile area initially
grows faster than volume, with the relationship reversing at a certain stage, re-
flects initial rapid vegetation growth followed by enhanced sand interception as
plants mature.

Formula suitability is closely related to nebkha morphology. The high accuracy
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of 7[(L+W)/4]? and 7LW /4 reflects their elliptical base geometry. In contrast,
LW /2 corresponds to severely wind-eroded, triangle-shaped nebkhas observed in
Alxa’ s gobi regions. Volume formulas 7LWH/6 and LWH/6, based on ellipsoid
and triangular pyramid geometries, were unsuitable because the study area’ s
nebkhas are flattened ellipsoids due to sparse branching and low height. The
optimal 7LWH/10 formula was derived through least-squares fitting, reducing
the total relative error to 0.10%.

Habitat conditions significantly influence nebkha morphology. In the study
area, relatively flat terrain with moderate sand availability resulted in moder-
ately developed nebkhas. In contrast, western desert regions with abundant
sand sources produce larger nebkhas, while grassland areas with limited sand
produce smaller ones. The mature-to-declining developmental stage, character-
ized by reduced sand supply, declining water tables, or shrub mortality, further
contributes to flattened morphologies requiring formula modification.

Conclusions

1. UAV LiDAR technology enables precise measurement of C. tibetica nebkha
morphology, achieving average relative errors of 0.70%, 1.13%, and -1.67%
for length axis, width axis, and height, respectively, with corresponding
RMSEs of 0.02 m, 0.03 m, and 0.03 m. Plane and 3D RMSEs of 0.03 m
and 0.04 m satisfy precision requirements.

2. Morphological parameters showed limited variation (coefficients: 0.26-
0.33) and significant correlations (P < 0.01), indicating coordinated
growth. The power function relationship between profile area and volume,
combined with linear and quadratic relationships between height and
horizontal scale/base area, demonstrates the transition from mature to
declining developmental stages.

3. Base area formulas 7[(L+W)/4]> and 7LW /4 are suitable for this study
area, while the modified volume formula 7LWH/10 (total relative error:
0.10%) provides the best fit. Formulas LW /2 and LWH/6, based on tri-
angular geometries, are inappropriate for triangle-shaped, severely eroded
nebkhas. Volume formulas fLWH/6 and 7LWH/12, derived from ellipsoid
geometry, also proved unsuitable. Therefore, selecting appropriate formu-
las requires simultaneous consideration of vegetation type, developmental
stage, habitat, and sand source availability.

References

[1] Tengberg A. Nebkha dunes as indicators of wind erosion and land degradation
in the Sahel zone of Burkina Faso[J]. Journal of Arid Environments, 1995, 30(3):
265-282.

[2] Sanromualdo Collado A, Gallego Ferndndez J B, Hesp P A, et al. Envi-
ronmental variables affecting an arid coastal nebkha[J]. Science of the Total

chinarxiv.org/items/chinaxiv-202509.00169 Machine Translation


https://chinarxiv.org/items/chinaxiv-202509.00169

ChinaRxiv [$X]

Environment, 2022, 815: 152868, doi: 10.1016/j.scitotenv.2021.152868.

[3] Bana M I, Nijs I, Kockelbergh F. Microenvironmental and vegetational het-
erogeneity induced by phytogenic nebkhas in an arid coastal ecosystem[J]. Plant
and Soil, 2002, 247: 283-293.

[4] Gao Y J, Tariq A, Zeng F J, et al. Fertile islands beneath three desert
vegetation on soil phosphorus fractions, enzymatic activities, and microbial
biomass in the desert oasis transition zone[J]. Catena, 2022, 212: 106090, doi:
10.1016/j.catena.2022.106090.

[5] Zhao Y C, Gao X, Lei J Q, et al. Effects of wind velocity and nebkha geometry
on shadow dune formation[J]. Journal of Geophysical Research: Earth Surface,
2019, 124: 2579-2601.

[6] Cao CY, Jiang D M, Luo Y M, et al. Stability of Caragana microphylla
plantation for wind protection and sand fixation[J]. Acta Ecologica Sinica, 2004,
24(6): 1178-1186.

[7] Wang W F, Wang T, Li Z X, et al. The effects of blown sand on the shrub
belt over the top of the Mogao Grottoes|J]. Acta Ecologica Sinica, 2004, 24(11):
2492-2500.

[8] Tengberg A, Chen D. A comparative analysis of nebkhas in central Tunisia
and northern Burkina Faso[J]. Geomorphology, 1998, 22(2): 181-192.

[9] Yang F, Wang X Q, He Q, et al. Morphological features and spatial distri-
bution pattern of Tamariz ramosissima nebkhas in an oasis-desert ecotone[J].
Arid Zone Research, 2014, 31(3): 556-563.

[10] Yan Y, Guo Q, Dang X H, et al. Comparative study on sand blocking ability
of shrubs in west Ordos area[J]. Bulletin of Soil and Water Conservation, 2024,
44(2): 137-145, 154,

[11] Zuo H J, Yang Y, Zhang H F, et al. Morphological characters of Nitraria
dune in gobi of Alxa[J]. Research of Soil and Water Conservation, 2018, 25(1):
263-269.

[12] Xie G X, Luo W C, Zhao W Z. Effect of sand source and shrub features
on nebkha morphological characteristics in desert steppe[J]. Journal of Desert
Research, 2015, 35(3): 573-581.

[13] Zhang P J, Yang J, Zhao L Q, et al. Effect of Caragana tibetica nebkhas
on sand entrapment and fertile islands in steppe desert ecotones on the Inner
Mongolia Plateau, China[J]. Plants, 2011, 347: 79-90.

[14] Chen D, Zhang Y Q, Wu B, et al. The morphological characteristics of
Artemisia ordosica nebkhas at different evolution stages in southern margin of
the Mu Us Desert[J]. Journal of Desert Research, 2015, 35(3): 565-572.

[15] Zhang M. Morphological features of Caragana tiabetica nebkhas in Mu Us
Desert[J]. Journal of Changchun Normal University, 2019, 38(12): 72-78.

chinarxiv.org/items/chinaxiv-202509.00169 Machine Translation


https://chinarxiv.org/items/chinaxiv-202509.00169

ChinaRxiv [$X]

[16] Zhang P J, Hasi Eerdun, Yang Y, et al. Responses of nebkhas morphology
to the mode and richness of sand supply[J]. Journal of Desert Research, 2015,
35(6): 1453-1460.

[17] Dong X, Hao Y G, Xin Z M, et al. Comparative study on fixing capability
of three typical shrubs in Otindag Sandy Land[J]. Forest Research, 2020, 33(1):
76-83.

[18] Guo X D, Luo Y Y, Wang S S, et al. Effect of different disturbance degrees on
spatial patterns of shrubs in Bayingwendur Desert[J]. Inner Mongolia Forestry
Investigation and Design, 2019, 42(4): 74-78, 69.

[19] Hasi Eerdun, Du H S, Sun Y. Caragana microphylla nebkhas in Inner Mon-
golia Plateau: Morphology and surface airflow[J]. Quaternary Sciences, 2013,
33(2): 314-324.

[20] Han M. Morphological characteristics of nebkhas on the surface of gravel
gobi desert in Cele, Xinjiang[J]. Journal of Arid Land Resources and Environ-
ment, 2015, 29(5): 105-110.

[21] Li X J, Li Z W, Du J H, et al. Morphology and sedimentary characteristics of
Vitex trifolia nebkhas in the Houtian Sandy Land of Nanchang City[J]. Scientia
Geographica Sinica, 2021, 41(11): 2042-2051.

[22] Mao D L, Lei J Q, Xie J. Morphological characteristics of nebkhas at dif-
ferent evolution stages in southern margin of the Mu Us Desert[J]. Journal of
Desert Research, 2015, 35(3): 565-572.

[23] Zhi Y, Liu S L, Kang W P, et al. Morphological characteristics of Caragana
shrub coppice dune in Otindag Sandy Land[J]. Arid Land Geography, 2021,
44(5): 1438-1448.

[24] Peng F, Wang T, Liu L C, et al. Evolution phases and spatial pattern of
nebkhas in Mingin desert oasis ecotone[J]. Journal of Desert Research, 2012,
32(3): 593-599.

[25] Sun T, Jia Z Q, Liu H J, et al. Analysis of the correlation between vegetation
and morphological characteristics of Nitraria tangutorum nebkhas at different
succession stages in a desert oasis ecotone[J]. Journal of Lanzhou University
(Natural Sciences Edition), 2020, 56(3): 396-403, 411.

[26] Zhang P, Hasi Eerdun, Yue X L, et al. Nitaria nebkhas: Morphology and
sediments[J]. Arid Land Geography, 2008, 31(6): 926-932.

[27] Wei Y J, Dang X H, Wang J, et al. Morphological characteristics of Nitraria
tangutorum nebkhas in Jilantai desert oasis ecotone[J]. Arid Zone Research,
2023, 40(3): 403-411.

[28] Wang S P, Li Z Z, Ling Z Y, et al. The correlation analysis of the geomorphy
morphological characteristics of nabkha in the Ebinur Lake region, Xinjiang[J].
Journal of Xianyang Normal University, 2008(6): 58-62.

chinarxiv.org/items/chinaxiv-202509.00169 Machine Translation


https://chinarxiv.org/items/chinaxiv-202509.00169

ChinaRxiv [$X]

[29] Wei Y J, Guo J, Dang X H, et al. Morphological characteristics and influenc-
ing mechanisms of Nitraria tangutorum nebkhas at different sandy land types
in desert oasis ecotone of Jilantai[J]. Journal of Nanjing Forestry University
(Natural Sciences Edition), 2023, 47(5): 172-180.

[30] Li S H, Mason J A, Xu Y H, et al. Biogeomorphology of nebkhas in the Mu
Us dune field, north central China: Chronological and morphological results|J].
Geomorphology, 2021, 394: 107979, doi: 10.1016/j.geomorph.2021.107979.

[31] Hesp P A, Hernédndez Calvento L, Herndndez Cordero A I, et al. Nebkha
development and sediment supply[J]. Science of the Total Environment, 2021,
773: 144815, doi: 10.1016/j.scitotenv.2020.144815.

[32] Zahabnazouri S, Wigand P E, Jabbari A. Biogeomorphology of
mega nebkha in the Fahraj Plain, Iran: Sensitive indicators of human
activity and climate change[J]. Aeolian Research, 2021, 49: 100652, doi:
10.1016/j.aeolia.2020.100652.

[33] Pan K J, Zhang Z C, Liang A M, et al. Nebkhas geomorphology in the gobi
desert using the unmanned aerial vehicle and tilt camera[J]. Journal of Desert
Research, 2020, 40(2): 24-32.

[34] Qian G Q, Yang Z L, Dong Z B, et al. Three-dimensional morphological
characteristics of barchan dunes based on photogrammetry with a multi-rotor
UAV/[J]. Journal of Desert Research, 2019, 39(1): 18-25.

[35] Tai H'Y, Xia Y H. Research on the same earthwork measurement method
and accuracy analysis by multiple surveying and mapping technologies[J]. Urban
Geotechnical Investigation & Surveying, 2022(2): 110-114.

[36] Liu K, Yan J S, Ye D Z. Application and accuracy analysis of single lens
tilt photogrammetry technology[J]. Guangxi Water Resources & Hydropower
Engineering, 2024(1): 19-23.

[37] Zeng W S, Tang S Z. Bias correction in logarithmic regression and compar-
ison with weighted regression for non-linear models[J]. Forest Research, 2011,
24(2): 137-143.

[38] Li XY, Yao Z Y, Dong Z B. Driving mechanism of desertification in Gonghe
Basin of Qinghai Province[J]. Bulletin of Soil and Water Conservation, 2018,
38(6): 337-344.

[39] Li Y J, Liu X K, Lu R J, et al. A preliminary study on relationship between
the extinction of nebkhas and agricultural activity in farming-pastoral ecotone
in Hetao region of ChinalJ]. Journal of Earth Environment, 2022, 13(4): 437-
448.

[40] Zhang J, Bao G Y, Liu W, et al. Characteristics and model of rainstorm
and flood disaster risk index along Qinghai highway[J]. Arid Land Geography,
2024, 47(1): 28-37.

chinarxiv.org/items/chinaxiv-202509.00169 Machine Translation


https://chinarxiv.org/items/chinaxiv-202509.00169

ChinaRxiv [$X]

[41] Xu H'Y, Wang H, Li X F, et al. Study on screening barrier plants in
Shazhuyu sandy area of Gonghe Basin[J]. Science and Technology of Qinghai
Agriculture and Forestry, 2023(1): 6-12.

[42] Qu Z, Yang S C, Zhao P, et al. Effects of large-scale photovoltaic power
stations on vegetation and soil in alpine sandy land in the northeastern margin
of Qinghai-Tibet Plateau: A case study of Gonghe Basin in Qinghai Province[J].
Journal of Arid Land Resources and Environment, 2024, 38(12): 92-106.

[43] Fan J, Shen Y B, Chang R. Impact of climate change on the selection of
typical meteorological years in solar energy resource assessment[J]. Arid Land
Geography, 2024, 47(6): 922-931.

[44] He L X. Investigation on root characteristics and functions for typical sand

fixation plantations in Gonghe Basin, Qinghai[D]. Beijing: Chinese Academy of
Forestry, 2018.

[45] Zhang M Y, Wang Z T, Deng L, et al. Differences in the physical and
chemical properties of biological soil crusts in different shrub communities in
the Gonghe Basin[J]. Arid Zone Research, 2023, 40(11): 1797-1805.

[46] Han L, Zhang Y Y, Ma C C, et al. Nabkha morphology, development and
sand fixing capability of Caragana stenophylla in the Inner Mongolia Plateau[J].
Journal of Desert Research, 2013, 33(5): 1305-1309.

[47] Wei Y J, Wang J, Dang X H, et al. Morphological features of Nitraria
tangutorum nebkhas in different habitats[J]. Arid Zone Research, 2019, 36(1):
253-261.

[48] Yue X L, Hasi Eerdun, Zhuang Y M, et al. Studies on sandy grassland
nebkhas: A review[J]. Journal of Desert Research, 2005, 25(5): 738-743.

[49] Wang J R, Sun T, Han F G, et al. Variation characteristics of soil tem-
perature, water and nutrient in shrub growing sand pile in arid desert area[J].
Journal of Northwest Forestry University, 2023, 38(2): 45-52.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202509.00169 Machine Translation


https://chinarxiv.org/items/chinaxiv-202509.00169

	UAV LiDAR-Based Morphological Measurement of Caragana tibetica Nebkhas in the Qinghai Gonghe Basin: Postprint
	Abstract
	Full Text
	Morphological Calculation of Caragana tibetica Nebkhas Based on UAV LiDAR Technology in Gonghe Basin, Qinghai Province
	Abstract
	1.1 Study Area Overview
	1.2 Data Acquisition and Processing
	1.3.1 LiDAR Data Precision Evaluation
	1.3.2 Geometric Formula Precision Evaluation
	2.1 LiDAR Data Precision Verification
	2.2.1 Statistical Analysis of Nebkha Morphological Parameters
	2.2.2 Correlation Analysis of Morphological Parameters
	2.3 Evaluation of Nebkha Geometric Formulas
	Discussion
	Conclusions
	References



