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Tablel. Results of 3-d volume and area and weight of each dune separately
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Table2. Investigation of sediment height as a percentage of slope classified in dune components (wind ward and
wind shelter)
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Table3.Investigation of sediment height in the percentage of roughness classified in dune components (wind ward
and wind shelter)

b s dess ()il (0)0S0le olosl g3 dons (e m)oolos () Siln
Yo—u Vo/eq\ /Y YOAVA Yo—u V/+AYAAQ 0/+*AV04V
Ye-Ye YOY/NYEN 0/ +YEAY YeoYe VA/L0AYA £/VYYER
Le-Yn AVE/AVO 0/A\YEMT IR 4Y/VAVAA /A
Ov—§» YYAVA £/444\¢V Ov—tn YV0/\4A4 Y/AVAAT
N0 YooY/o0\o [ JARTRN-AY% -0 YYo/V YA LYYV eV
Ve AYVVYYY 0/N0YAAY Vo=Te VYAYFOTY £/AN00VAY
YooV VYFY/YeA Vev¥yte VeeVo YY/VeYLY 0/\oViEa

otiébszng)}g@?)sgy)&%
e (A 3 orr S 0> Sl o M

Ao S yaseie B4 g

\A)

(. JS2) bl 2 ULl 5 et g oz 02
Ju“JJf ZL S b 4,:7 otg:bl.g E) J:?-JL» BL (id_}.l;-) 9 (id&i)c

EREXY u.eﬂdhhz Cgr o ol Colee iy S



Ve Y L)l:...ue) (fJLR UL...:./(..A;JLR- Jw) ‘;'.:]ocb.a BE ‘;’»’L}‘f'}' Sl 4.1'\.0\..:‘3)‘9.: J"u;:t...»

(olyoly 5 5oL) o liarl 5o odd (et b Sz 53 gy FLEL) (o) n.Fd s
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Abstract

Sistan plain, with its arid climate, high
evapotranspiration, low rainfall and 120-day
winds, has provided the necessary ground for
erosion and wind sediments. Due to the index of
sand dunes in the region, the need to quantify the
hills to obtain the 3-d volume and area that is the
basis for project planning and sediment control
management is one of the objectives of this study.
After identification and imaging by UAV, a digital
elevation model with a resolution of 4 cm and an
ortophotomosaic image with a resolution of 1 cm
were prepared in order to extract quantitative
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information about the dunes. With the help of
ortophotomosaic image and digital elevation
model, the range of hills was determined and
volumes and three-dimensional area were obtained.
In order to study more the components of the dune
(windward and wind shelter) in the mutual study of
digital elevation model with slope percentage,
roughness percentage and slope aspect showed that
between windward and wind shelter the highest
average sediment is in the slope of 70-100%.The
highest average sediment in windward is in 0-20%
roughness and the highest in wind shelter is in 70-
100% roughness.In the study of slope, aspect it
was found that the highest average sediment is on
the windward in the northeast and in the wind
shelter in the east direction.

Background and Obijective: Sistan plain, with its
arid climate, high evapotranspiration, low rainfall
and 120-day winds, has provided the necessary
ground for erosion and wind sediments. Due to the
index of sand dunes in the region, the need to
quantify the hills to obtain the 3-d volume and area
that is the basis for project planning and sediment
control management is one of the objectives of this
study. After identification and imaging by UAV, a
digital elevation model with a resolution of 4 cm
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and an ortophotomosaic image with a resolution of
1 cm were prepared in order to extract quantitative
information about the dunes. With the help of
ortophotomosaic image and digital elevation
model, the range of hills was determined and
volumes and three-dimensional area were obtained.
In order to study more the components of the dune
(windward and wind shelter) in the mutual study of
digital elevation model with slope percentage,
roughness percentage and slope aspect showed that
between windward and wind shelter the highest
average sediment is in the slope of 70-100%.The
highest average sediment in windward is in 0-20%
roughness and the highest in wind shelter is in 70-
100% roughness.In the study of slope, aspect it
was found that the highest average sediment is on
the windward in the northeast and in the wind
shelter in the east direction.

Materials and Methods: Images of the study area
were taken using a Phantom 4 Pro UAV at an
altitude of 60 meters on September 22, 2019. This
type of UAV, which is small and light, with its 20-
megapixel camera and GPS, can provide high
quality images. And the use of this type of UAV
for photogrammetric work is very common. A
number of GCP wase also used for georeferencing
by harvesting by the 3-frequency GPS. The model
was produced using software (Agi soft metashap)
and a 4 cm digital height model and a 1 cm
orthophoto mosaic model were prepared. Using
(Arc Map) software, the region of the dunes and
the components of the dunes were separated. After
determining the region of the dunes, the volume
and area were calculated in 3-d. In order to obtain
the weight of the dunes, after obtaining the bulk
density of the soil in the amount of 1.63 of its,
multiply by the volume of the dunes. After
separating the components of the 5 dunes, the
separating parts were measured in two Sseparate
groups with maps of slope percentage, roughness
percentage and slope direction that were classified
to determine their interaction on the amount of
sediment

Results and Discussion: In this study, quantitative
measurement of sand dunes in the study area of
Sistan in the hill unit and its components was wind
ward and wind sheltered. 4 cm digital elevation
model with high resolution allows us to calculate
3-d volume and area, sediment height, roughness
percentage, Gave the percentage of slope, and the
direction of slope. Our results in this study had 4
sections.

In the field of quantitative measurement of dunes,
so far, in some studies (4) with satellite images on
the area of sand dunes. In fact, the surface of sand
dunes has been studied in large dimensions (21).
The results in the study showed that it is not
possible to separate the area of the dune and its
components with satellite images, but in this study
using a UAV Quantitative measurement of the
dunes was done and considering that the sand
dunes with geometric shape and different
dimensions, it is not possible to accurately measure
them with common tools that have been used so far
and the size of the cross section is 3d the dunes,
with their different dimensions of curvature and
angles, are always more than a smooth surface, but
with the use of UAVs can be well defined and 3-d
volumes and areas can be obtained; And knowing
this is very important in planning, natural resource
projects. Due to the high cost of preparing,
implementing and spraying soil-stabilizing mulch,
which is calculated based on the area, proper
planning can be done by determining the right
level, knowing the 3-d volumes of dunes and their
weight is also used in soil and water projects, and
one of the main problems in land leveling projects
is the accurate calculation of the volume and
weight of sand dunes. In this study, the weight of
the dunes was obtained using 3-d volume and bulk
density.

In the slope and roughness of the dunes, the
researchers in the study of sand dunes using wind
tunnels found that by increasing the amount of
sand and slope, the wind flow in these areas
increases and it was also found that the roughness
in the sand dunes Increases the amount of sand (6).
In another study, with increasing wind speed, it
caused sand transport and accumulation, which
was associated with increasing the height and slope
of sand dunes, and also increased with the
accumulation of roughness sand in sand dunes
(24). The study of the result of increasing sand
with increasing slope is consistent with the results
of other researchers and it was found that with
increasing slope between 70-100% in the
windward part and the wind shelter of sand dunes,
the sediment height has also increased. Smaller-
scale dunes in the windward and wind shelter units
were investigated in this study. The roughness
results were different from the results of other
researchers in the windward part and corresponded
to the wind shelter part. And the lowest roughness
are located in the upper part of the windward.
Therefore, the highest sediment in windward was
determined in 0-20% roughness, which is located

84



J RS gis for Natur Res (2023) 14(4): 71-85.

4 Journal of RS and 615
~ for Natural Resources z&

in the high part of windward. In the part of the
wind shelter and with the beginning of the fall of
sand waves in the upper part, the roughness also
increases and for this reason, the maximum
roughness are located in the upper part of the wind
shelter between 70-100% and as this fall continues
down the wind shelter Finds that the amount of
roughness is also reduced.

In the 4 parts of this study, researchers in the
aspect of the slope of the dunes found that the
aspect of the slope to the north is always lower
temperature and more humidity, and the aspect of
the slope to the south is more erodible due to
higher temperature and humidity and sand
movement It was more common in them. (5) In
another study on the effect of slope, aspect on the
stabilization of dunes showed that due to the
removal of vegetation in the aspect of the slope of
the dunes in the north aspect and in the south
aspect there is a difference There is a possibility of
regeneration in the northern aspect due to more
moisture, but in the southern aspect due to more
drought, there is wvery little possibility of
regeneration and therefore erosion increases in this
aspect (19). In this study, considering the climate
of the region and considering the direction of the
prevailing wind, which is from northwest to
southeast, it was found that always in the dunes
due to lower temperature and higher humidity —
cannot have less erosion. And the results of the
researchers do not agree with the result of this
study because the direction of the prevailing wind

is from northwest to southeast, in the wind ward
dunes in the northern part is the beginning of the
slope and in the southern part have the highest
accumulation of sediment and the lowest sediment
in North and northeast and most of the sediments
in the south and southwest are windward. The most
windward area is in the northeast direction of the
wind. The area of the wind shelter is also included
in the southern direction and in the middle part of
the shelter, which has a wider area.

Conclusion: Sand dunes are one of the most
important  facies of wind erosion. Our
understanding of the complex interactions of sand
dunes is often limited by the lack of accurate
morphological data. The erosion and sedimentation
process is very important and there is currently a
lack of field data for executing projects, study
plans and validation of erosion and sedimentation
models. Recently, UAVes, which have been used
in military and strategic applications for many
years, are now recognized as an attractive tool in
the field and scientific research as a result of rapid
and low-cost technological advances in unmanned
vehicles; They have a high level of operational
flexibility and can be used in agriculture and
natural resources.

Keywords: Sand dune, UAV, quantification,
Sistan plain
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