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2. Kolmogorov—Smirnov statistic
3. Simulation envelopes
4. Monte Carlo simulation
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1. Ground Sample Distance
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Figure (3): Map of the location of sand dunes and barkhans in the study area (Kalate Mazinan sand dunes)
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Figure (4): Flow chart of the implementation stages of the research
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1. Summary statistics
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Figure (5): The changes in the spatial distribution of Barkhans
in the study area using the univariate functions g(r) and O(r)
(the green line indicates changes in species distribution, the
gray lines represent the range of random distribution by Monte
Carlo test, and the orange line indicates the default value in g
functions)
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1. Wiegand & Moloney
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Figure (7): The interaction between the two conditions of sand
dunes and Nebkhas in the study area using the form of the
second variation of the functions g12(r) and O12(r) (the green
line indicates changes in species distribution, the gray lines
indicate the range of random distribution through the Monte
Carlo test, and the orange line indicates the default value in the
functions g12(r) and O12(r).)
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Figure (6): Changes in the spatial distribution of Nebkhas in
the study area using the univariate g(r) and O-ring functions
(the green line indicates changes in the species distribution, the
gray lines represent the range of random distribution through

the Monte Carlo test, and the orange line indicates the default
value in the g(r) functions)
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Extended Abstract

Introduction: Recognized as the hosts of a wide variety of formative processes, deserts represent vital
ecosystems within Iran's natural landscape. On the other hand, wind erosion exerts particularly significant
influence on such arid regions, playing a key role in shaping the environment while posing serious
environmental risks. Moreover, wind-driven movement of active and semi-active sand dunes decreases the
comfort levels for local inhabitants, putting agricultural lands, settlements, and transportation routes at risks.
Consequently, studying the dynamic behavior and variability of wind-driven sediments, especially in arid and
desert regions, is of great importance. While UAVs (Unmanned Aerial Vehicles) may not fully replace
traditional methods of spatial data collection, their unique capabilities allow them to be integral to the map-
making process, offering more economical alternatives. Analyzing statistical summaries within the study
timeframe facilitates an understanding of the spatial and temporal patterns of the sand dunes. As with many
natural phenomena, wind erosion and sand dune dynamics can be complex and elusive; therefore, the
investigation of their various impacts requires the application of contemporary methods such as statistical
analysis. In this regard, this study mainly sought to develop a conceptual framework that outlines the patterns of
sand features in the study area and elaborates on their interrelationships.

Materials and methods: This study was conducted in an area covering approximately 200 hectares of sand
dunes in the southern region of Mezinan Kalate, located in western Sabzevar city. The area features various sand
formations, including Nebkha and Barkhan. To analyze the spatial patterns of the complications observed, the
exact locations of such complications were identified, followed by an assessment of their distribution patterns.
The paired univariate function (g(r)) was then employed to investigate the distribution patterns of different
complications and their impacts on similar types. Additionally, the bivariate pairwise correlation function (g.2(r))
was utilized to explore the interactions among various complications in the study area. Initially, a general
assessment of the region was conducted through a field visit, followed by aerial photography using a drone to
collect the required data regarding the complications from the study area. After analyzing the images, an
orthophoto was generated. Then, a point map was created for spatial locations via ArcGIS 10.2, detailing the
distribution of sand dunes and vegetation within the study area. Furthermore, the Kolmogorov-Smirnov test was
applied to evaluate the normality of the statistical data. Finally, data processing and spatial analysis were carried
out using the Programita software, which involved univariate and bivariate correlation functions, along with O-
ring functions. The software employed a Monte Carlo simulation with 199 repetitions, achieving a 95%
confidence level and a 5% significance level for the random distribution of the two species investigated.
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Results: The diagram illustrating the distribution pattern of sand dunes employs the O-ring function, utilizing
the g(r) function values to analyze the spatial arrangement of the dunes. Findings from the application of this
univariate function indicated that Barkhans did not display a significant spatial pattern. The finding is supported
by the O(r) function, reaffirming that the spatial arrangement of Barkhans lacks any significance. The results of
the g(r) function in examining the spatial pattern of Nebkhas via univariate functions revealed that within
distances ranging from zero to 270 meters, the spatial pattern of the species was characterized by cumulative or
clustered shape, and that no significant pattern was detected beyond 270 meters. Similarly, the results of O(r)
function suggested that the spatial arrangement of Nebkhas formed clusters within the 0 to 270 meters range,
with no significant pattern being observed beyond 250 meters. Additionally, the results obtained from the
bivariate function g»(r) showed a negative correlation between these two elements up to about 500 meters,
demonstrating their opposing influences on each other's formation and distribution. This finding is consistent
with the distribution map of the two elements. The bivariate function O,(r) was also used to validate the results
found in gi,(r), yielding consistent outcomes with those derived from the pairwise correlation analysis.

Discussion and Conclusion: The findings obtained from the spatial analysis of sand dunes and Nebkha
indicated that the distribution of sand dunes in this area was intricate, while the arrangement of Nebkhas
remained inconsistent. Together, these factors adversely impacted the formation and development of both
phenomena. This situation may arise from the phenomena’s similar requirements for the establishment,
specifically the availability of sand. It may also be driven by the presence of certain favorable environmental
conditions.

Keywords: Univariate Functions, Bivariate Functions, Spatial Pattern, Sand Dune Interaction, Spatial Functions,
Nebkha.



