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Abstract 

 
     This research has attempted to measure the parameters of barchan dunes as one of the desert landforms. This has 
been conducted by a field survey using cartographic techniques. In the field, two barchan dunes have completely been 
surveyed by total station equipment. Using the sample points a novel method has been devised to measure the barchans 
parameters. The method is mainly based on geometric relations and Cartesian coordinate system. All the parameters of 
the dunes have been measured by both the common methods of previous studies and the new method of this study. By 
this research, some new parameters have also been added to the dune analysis studies. The method has proved to be 
more precise relative to the previous methods for measurements of barchans. These measurements make it possible to 
compare the dunes in different areas of the world and also for different periods of time. Many parameters of the dunes 
can also be examined more easily.  
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1. Introduction 
 
There is a variety of desert landforms in Lut 
Desert, Iran. Barchan dunes with crescent  
shapes can be found in deserts (Hesp and Has-
tings, 1998; Dong et al., 2000; Sauermann et al., 
2000; Wang et al., 2007; Besler, 2008; Elbelrhiti, 
2012), coastal areas (Gay, 1999; Ghahroudi et 
al., 2012), on bed of the seas (Todd, 2005; Bur-
rough et al., 2012; Daniell, 2007), and also on 
the planet of Mars (Tanguchi and Endo, 2007; 
Boorke and Goudie, 2009; Zeng, 2009). The 
morphologies of barchan sand dunes as crescent 
shapes are controlled mainly by sand character-
istics and wind regime over an area (Elbelrhiti, 
2005; Hesp and Hastings, 1998; Dong et al., 
2000, Sauermann et al., 2000; Elbelrhiti, 2012; 
Dong et al., 2014). Unidirectional winds and 
limited supply of sand over un-vegetated lands 
(Elbelrhiti, 2012; Wang et al., 2007; Sauermann 
et al., 2000; Jiang, 2013) make a field with 
many forms of barchan dunes in the arid area of 
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Dashte Lut. These shapes cover large areas in 
desert regions of the world.  
     Barchans are found mainly in arid areas 
which are greatly under the threat of desertifica-
tion. These areas cover 40% of land of which 
66% are already affected. All continents are 
affected: 37% of drylands are in Africa, 33% in 
Asia, 14% in Australia and some are also found 
in America and the southern fringes of Europe 
(The French Scientific Community on Deserti-
fication, 2013). Observing barchans with similar 
peculiarities in the earth and Mars, it would be 
possible to understand the same processes on 
the Mars (Taniguchi and Endo, 2007; Bourke 
and Goudie, 2009). Researches about barchans 
have implications for paleo-environmental 
studies (Hesse, 2009) and control systems of 
sands (Dong et al., 2000; Navarro et al., 2011) 
and about the origins of sand storms (Ghahroudi 
and Nezammahalleh, 2012) and their prediction 
(Rashki et al., 2013). The hazard of dynamic 
dunes (Liu et al., 2005) can affect the life of 
indigenous people (Maghsoudi et al., 2013). 
Therefore, it is important to know the geomor-
phologic properties and behaviors of these 
dunes particularly in areas like south east of 
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Iran.  
     The morphological characteristics of bar-
chans are affected by many factors including 
height, width, and length (Howard et al., 1978; 
Elbelrhiti et al., 2008; Sauermann et al., 2000; 
Ehsani and Guiel, 2009; Burrough et al., 2012;)  
that control their dynamic behaviors (Liu et al., 
2005; Besler, 2008; Mashhadi et al., 2008). In 
this study, we have studied the parameters in 
morphology of barchans in Shahdad, west of 
Lut Desert, and suggested a somewhat modified 
model to measure these parameters. As there are 
no similar applications of geometric principles 
for measuring barchan parameters in previous 
studies, we have initially defined the parameters 
by geometric basics.  
     Hesp and hastings (1998) verified the 
relationships between the width, height, and 
shape of barchans dunes (Sauermann et al., 
2000). They found that the morphology of the 
dunes is proportional to the height and width 
and under the control of aerodynamic processes, 
as this later was also stated by Elbelrhiti (2005). 
The two parameters have direct linear relation-
ship and there is a constant feedback among the 
three dimensional windward shapes, leeward 
slope, and the width between the two horns 
(Hesp and Hastings, 1998; Daniell and Hughes, 
2007).  Monitoring the dynamics of barchans 
dunes in Taklimakan Desert, Dong et al. (2000) 
measured the morphometric parameters of the 
dunes and examined the relationship of these 
parameters and with wind regimes and the dune 
migration. Sauermann et al. (2000) emphasizing 
the elevation points outlined a model to explain 
the differences in barchans. The barchans have 
elevation from 1.5 to 10 meters, base from 40 to 
150 meters, and width from 30 to 100 meters 
with a parabola shape. Todd (2005) investigated 
the submarine barchans in Canada and stated 
that the flows with higher power and speed can 
induce the dunes. Wang et al. (2007) confirmed 
that slip face of barchans is proportional to the 
width of horns. Many morphological forms of 
barchans were classified by Bourke and Goudie 
(2009) using satellite images in the Namib De-
sert and Mars. They classified those dunes into 
types of slim, normal, pudgy, and fat. They also 
found them as a function of grain particle size, 
wind speed, saturation of sands, and wind varia-
tions.  
 
1.1. Study area  
 
The study area is located on the west of Dashteh 
Lut near the city of Shahdad in an arid area. The 
geomorphologic forms of the area, about 320 
km2, are influenced by the winds in a direction 

from northwest towards southeast, as stated by 
Ehsani and Quiel (2007) and Oliphant et al. 
(2011). The average wind speed is 6m/s (Ehsani 
et al., 2007) while the maximum is up to 10 m/s 
(Oliphant et al., 2011) and the strong winds 
starts from April with about 9 m/s in the same 
direction known as Wind of 120 days (Ehsani 
and Quiel, 2007). The annual rainfall is less 
than 10 mm. The desert is located in the Middle 
East with solar irradiance of 950 W/m2at the 
peak (Nezammahalleh et al., 2010). The average 
mean daily temperature is ranged from 11 de-
grees Celsius in January to 40 degrees Celsius 
in July that make the desert as the hottest points 
of the world (Ehsani and Quiel, 2007). The 
study area is in the east of Shahdad fold and 
thrust belt mainly with Neogene detrimental and 
evaporative deposits and gypsiferous marl and 
conglomerate (Mohajjel, 2009). Desertification 
is increasing from these areas towards the sur-
rounding (Oliphant et al., 2011). In the north of 
the area hundreds of barchans are forming and 
moving towards the south in a northwest to 
southeast direction with average speed of 20 
m/yr (Maghsoudi et al., 2013) (Fig. 1). 
 
2. Materials and Methods   
 
In this study we have used survey camera, Total 
Station, and GPS for mapping the parameters of 
two barchans in the study area. In cases where 
the survey camera is not available, it can also be 
possible to measure the parameters by GPS and 
inclinometer. The measurement of barchans can 
be performed by recording the coordinates of 
five points in the tips of both horns (p1, p2), the 
turning point at the line of base in the leeward 
(p3), the point of brink (p4), and the toe of the 
windward side (p5) (Fig. 2 and Fig. 3). The co-
ordinates of other points on both the dunes have 
been recorded by survey camera. These points 
have been imported on a Cartesian coordinate 
system in order to measure the parameters with 
up to 155 and 115 points for the first and the 
second dunes, respectively.  
 
2.1. Barchan geometric parameters  
 
The parameters of barchans in this study include 
height of peak (Hp), the maximum height 
(Hmax), the maximum length (Lmax), the 
minimum length (Lmin), the total width (W), 
the right width (WR), the left width (WL), the 
distance of right length (DR), the distance of left 
length (DL), the length of windward face (FF), 
the length of leeward face (FB), the slope of 
windward face (ϴF), the slope of leeward face 
(ϴB), the mass (M), the volume (V), the area of 



Maghsoudi et al. / Desert 22-1 (2017) 11-19 

 
13

windward or forward (AF), the area of leeward 
or backward (AB), the curvature coefficient of 
right and left horns (CL, CR), the ratio of AF to 
AB (RV), and the ratio of Lmin to Lmax (RL) 
(Table 1) (Fig. 2 and Fig. 3). We have used 
Hmax, CR, CL, RA, and RL for the first time in 

this research. In the following, we have meas-
ured the parameters of barchans both using pre-
vious measurements and by the five points (FP) 
method of this study. The way by which the 
parameters are measured has been explained in 
Table 1.  

  

 
Fig. 1. Location of the study area, Lut Desert   

 
Table 1. The parameters of barchans  

Parameter Definition in previous studies Definitions in this study Measurement 
Height of peak Vertical distance between base and peak Vertical distance between p3 and p4 (HP) 

Maximum height -- Maximum height of dune (HMax) 
Width The distance between two horns Same as previous, the distance between p1 and p2 W 

Width of right and left -- 
Distance from p1 and p2 to the intersection with 

the line crossing p3 and p4 
(WR) and (WL) 

The maximum length 
Distance between end of longer horn 

and end of dune 
Distance from the toe and the longer horn LMax 

The minimum length 
Distance from end of dune to shorter 

horn 
Distance from toe to the shorter horn LMin 

The length of right and left 
horns 

Curved distance from end of horns to 
crossing line of brink and base 

Curved  distance from the end of horn and the 
mid-point of the crossing line of p3 and p5 

(DR) and (DL) 

Area of forward (stoss 
side) 

-- 
the area surrounded by the curved line that connect 

p1, p5, p2 and p4 encompassing all dune area in 
stoss side. 

AF 

Area of backward (slip 
face) 

-- 
The sector resulted from the crossing line of p1 and 

p2 and the line of base in leeward 
AB 

Curvature of left horn -- 
Ratio of horizontal line between p1 and p3 to the 

length of horn 
1,3

L
L

d
C

D


Curvature of right horn -- 
Ratio of horizontal line between p2 and p3 to the 

length of horns 
2,3

R
R

d
C

D


The curved length of stoss 
side 

Horizontal distance from brink to toe The curved distance from p4 to p5 FF 

The curved length of slip 
face 

The horizontal line from brink to the 
base 

The curved distance from p4 to p3 FB 

Slope of slip face Slope between the brink and base Slope between p3 and p4  ϴB 
Slope of stoss side Slope between brink and toe Slope between p4 and p5 ϴF 

 
2.2. Barchans parameters in the previous studies  
 
An ideal barchan is symmetrical along the di-
rection of prevailing winds, but in nature bar-
chans are asymmetrical due to winds of differ-
ent directions, sand particle properties, and 
slope of the surface (Elbelrhiti et al., 2005; 
Sauermann et al., 2000, Todd, 2005). The 
height of barchan dunes is usually one tenth of 

the width (Todd, 2005), the orientation of lon-
gitudinal axis is along the direction of wind and 
the height of steep slope in the slip face is de-
fined as the vertical height from the base to the 
brink at the intersection of longitudinal axis 
with brink (Elbelrhiti et al., 2008, Hesp and 
Hastings, 1998, Burrough et al., 2012, Daniell 
and Hughes, 2007, Sauermann et al., 2000) (Fig. 
3). 
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2.3. Barchans parameters based on FP Method  
 
The fundamental in this method, as a modifica-
tion to the previous measurement methods, is 
that we have to define the dunes on a Cartesian 
coordinate system. To do so, it is required to 
have origin, X-axis, and Y-axis for the system. 
One of the axes must be the transverse line in 
the dune and the other must be drawn propor-
tional to the dune so that the origin is one of the 
five points where intersect at the cross line. Ob-
taining the coordinates of the five points at the 
tip of right horn (p1), tip of left horn (p2), the 
turning point of line in the base on the leeward 
(p3), the brink point (p4), and the toe at the end 
of windward side (p5) relative to the origin, it is 

possible to model readily the whole barchan 
dunes. Thus, it is possible to compare the dunes 
in all the regions and also their dynamics over 
the time.  
 
2.4. Coordinate system for barchans 
 
2.4.1. Symmetrical barchans  
 
In a symmetrical barchan, the X-axis, the line 
crossing the base, brink, and the toe of the dune, 
divides the dune into two equal sections. The 
origin is at p5, i.e., the turning point at the end 
of dune in windward, and the Y-axis is perpen-
dicular to the X-axis at the origin (Fig. 2).  

 

 
Fig. 2. The geometry of symmetrical barchans (Sauermann et al., 2000; Todd, 2005)  

 
2.4.2. Asymmetrical barchans  
 
In asymmetric barchans, nearly all the dunes in 
the nature (Zeng, 2009), the length of the couple 
of horns and also the width on the left and the 

right are not equal. They do not occupy equal 
space in both sides of X-axis. The parameters 
must be measured in both sides on the coordi-
nate system. This model can easily be applied 
for asymmetric barchans.  

 

 
Fig. 3. The schematic geometry of asymmetrical barchans by FP method as designed by authors based on experimental observations    

 
     To calculate the parameters, the coordi-
nate system must be defined relative to the five 

points. The X-axis is oriented along the move-
ment of dune and the Y-axis is a right angle to 
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that. After the five points are marked, for meas-
uring the widths it is required to draw a straight 
line to connect the points of p3 and p4. The line 
cut the Y-axis into two segments and has an 
intersection with the line resulted from linking 
p1 and p2 (Y-axis). From the intersection the 
width can be measured in both sides. To calcu-
late the Lmax and Lmin, a straight line must be 
drawn from p5 along the direction of movement 
perpendicular to the line from p1 and p2. The 
distance between the p5 and the intersection of 
p1 and p2 with p5 gives the Lmax and Lmin for 
an asymmetric dune.  
     To measure the AF and AB of the dune, 
we need to draw precisely both the area of 
whole dune and the area embraced by the horns. 
The area drawn from a hypothetical line be-
tween the end of the couple of horns (p1 and p2) 
and the concave line in the bottom of the slip 
face gives AF of a dune. The area within the 
concave line and the perimeter of dune gives 
AB of a dune. The horizontal area is taken for 
AF in the study. 
 
3. Results 
 
The calculation of barchan parameters are pre-
sented here according to both the usual way and 

the FP model of this study. The field measure-
ments can either be carried out by cartographic 
camera or simple meter tool, inclinometer and 
GPS.  
     As represented in Tables 2 and 3, the 
height of dune is the same in both the usual way 
(Sauermann et al., 2000; Todd, 2005; Burough 
et al., 2012) and FP Method, but in FP the 
maximum height is used for analyses. The W is 
the same in both, but the WR and WL are dif-
ferent. The length in previous studies is just one 
value but by FP two length of small and large 
are measured. By these two lengths available, 
the direction and dynamics of the dunes can be 
modeled proportional to the wind speed and 
other characteristics (Herrmann and Sauermann, 
2000). The FP has calculated AF and AB based 
on which the dunes can either be classified eas-
ily in any area or improve other classifications 
(Bourke and Goudie, 2009). The RV and RL 
have been calculated, the parameters by which 
the investigation of the dunes dynamics (Liu et 
al., 2005) and vulnerabilities (Ghahroudi et al., 
2012) can be enhanced. The curved length of 
horns is calculated instead of a straight line 
(Sauermann et al., 2000, Burough et al., 2012). 
(Tables 2 and 3). 
 

              Table 2. Calculation of barchan parameters according to common way in the previous studies 

Parameter Barchan I Barchan II 
Height 1.65 2.70 

W 26.50 39.00 
WL 13.50 15.50 
WR 13.00 23.50 

L 52.00 76.00 
DR 4.00 9.00 
DL 3.00 7.50 
FF 39.00 61.00 
FB 2.90 5.00 

 

                Table 3. Calculation of barchans parameters based on FP Method 

Parameter Barchan I Barchan II 
Height 1.65 2.70 
Lmax 1.67 3.80 

W 26.50 39.00 
WL 10.50 14.50 
WR 16.00 24.50 

LMAX 52.00 76.00 
LMIN 41.00 74.50 

DR 14.50 27.00 
DL 16.00 18.00 

 ϴB 15 20 

 ϴF 57 97 

FF 44 73 
FB 3.4 5.5 
CR 0.97 0.96 
CL 0.99 0.95 

2m
BA  

927 4300 

2m
FA  

92.5 230 

RV 10 119 
RL 0.79 0.99 
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     The shape of the two dunes as sampled by 
survey can be seen in Fig. 4. This hillshade map 

clearly shows the situation of the crescent forms.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Sample points on the two barchans as Surveyed by mapping camera (Total Station equipment); the dunes are illustrated by 
hillshade effects; the lower part shows the authors surveying in the field  

 
4. Results and Discussion  
 
The capabilities of proposed method in meas-
urement and calculation of barchan parameters 
have been assessed in this research which has 
been conducted in a hyper-arid area with lots of 
dunes available in special fields around the Lut 
Desert. These dunes here have dynamics over 
time (Maghsoudi et al., 2013) and their mor-
phometric properties are influenced by wind 
regime with “wind of 120 days” (Ehsani and 
Quiel, 2007 ) that move sand particles of dif-

ferent sizes mainly from the northwest to the 
southeast (Maghsoudi et al., 2013). We have 
surveyed the morphology of the two dunes as 
the samples to investigate about the types and 
behaviors of the dunes and generalize them to 
other fields with similar situations.  Below is 
represented some advantages of the proposed 
method. The advantages of this model are 
standardization in calculating barchans charac-
teristics, application of more parameters in bar-
chans movement, use of coordinate system for 
barchans dune, real measurement of the dune 
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curved horns.  
 
4.1. Comparative analysis of barchans in other 
regions   
 
One of the abilities of new and efficient meth-
ods is that make it possible to apply its rules and 
relations in other times and places to compare 
the results over time and with results in other 
regions. According to the FP Method, a dune is 
measured based upon coordinate system and the 
coordinates of each point relative to the origin 
of the Cartesian system. The parameters of dune 
may change over the time on the coordinates of 
Cartesian system so that can be compared over 
the time and with other dunes.  
 
4.2. The length of barchan horns  
 
The horns of barchans are highly important and 
should precisely be measured in each study 
about the dunes. In the study, we have calculat-
ed the horns in a curved line instead of the di-
rect line that the direct distance from the tip of 
the horn to the peak of the brink were measured 
(Sauermann et al., 2000, Burough et al., 2012).  
It impedes to generalize the results to other 
studies. In FP method, the length has been 
measured from the tip of the horn (p1 or p2) to 
the peak of the brink (p4) in a curved and 
rounded line along the top of the horn which 
helps measure the length for many dunes for 
comparative investigation. These measurements 
of parameters by satellite or aerial photos may 
show sand characteristics and wind regime over 
an area (Elbelrhiti, 2005; Hesp and Hastings, 
1998).   
 
4.3. The area of forward and backward of bar-
chans  
 
There is not any study to measure the area of 
front face of dune and that of back of the dune 
and also the ratio of forward area to backward 
area. The relation of the ratio can be examined 
to other parameters. Significant relationship of 
the ratio with other parameters can be investi-
gated to reveal the influence of processes, the 
dynamic behavior of dunes, and also facilitate 
their classification. This can be applied to ex-
plain the differences in barchans as the model 
outlined by Sauermann et al. (2000).  
 
4.4. The curvature of horns  
 
The parameter is one of the measures that have 
been calculated in FP method. It makes this 
possible to find out the direction of wind and 

the orientation along which the dune is moving. 
The width between the two horns in a curved 
line can better estimate the three dimensional 
windward shapes and leeward slope (Hesp and 
Hastings, 1998, Daniell and hughes, 2007).    
 
4.5. Time and cost  
 
In the studies by FP method, the field survey 
can easily be conducted and the required data 
can be gathered by survey camera or GPS 
equipment in a vast study area. By the method, 
we can record the coordinate data of just five 
points and extract other morphologic character-
istics.   
 
5. Conclusion  
 
Barchan dunes in Lut Desert have particular 
characteristics required to be recognized for 
basics of geomorphological studies and some 
applications. By conducting FP method in study 
of barchans, it is possible to understand the 
geometric relations of barchans for a better 
comparison in the results of different studies. 
The advantage of the method is the constant 
geometric principle and the easy measurement 
and calculation of parameters. The method as 
mentioned is faster and needs lower cost than 
previous studies. It is also possible to calculate 
roughly all other geometric parameters of bar-
chans for comparative analysis. With ratio of 
forward area to backward area of barchans 
available, the relationship of the ratio with other 
parameters can be analyzed as well as the dunes 
may be classified by this measure. With ratio of 
right length to left length available, the dunes 
can be classified based on the direction of pre-
vailing winds in an area. The FP method makes 
it applicable to calculate the parameters of bar-
chans through the methods used in the previous 
studies but it is not possible vice versa. Forward 
area and backward area and also maximum 
height can be employed to compute the signifi-
cant relation between the dune parameters and 
their movement. By this way, the two parame-
ters can be calculated in two successive times in 
order to compare changes and movements for 
finding the significant relations. The parameters 
can also be employed for classification of the 
dunes.  
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