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Abstract. Sand dunes occupy a vast expanse of desert area in Iran and they are considered as a threat for 

urban areas and agricultural lands. Erg is an area of desert covered with shifting sand dunes. Saduq 

(Ashkezar) city, located in the west and northwest of the Yazd City, Iran, is surrounded by these mobile 

sand dunes. The aim of this study was the risk assessment of sand dune disaster in relation to geomorphic 

properties and vulnerability. The methods of satellite imageries, multi-layer perceptron (MLP) neural 
network, and geographic information system (GIS) were used. Sand dunes changes were mapped, and 

field surveys were carried out to resolve any ambiguities. The results show that the sand dunes in the 

center of Erg have moved closer to the city and agricultural lands. The dunes displacement (movement) 

was dependence to size, cover and shape and direction of them. These analyses can help to city governor 

and mayor for preventing of dunes offense toward the city. 
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Introduction 

Aeolian dune geomorphology is a product of the processes of wind erosion and 

deposition on land surface (Xiao et al., 2015). Thus, the formation and development of 

these landforms depend on windblown sand movement (Wu, 2003). The windblown 

sand movement is affected by the landscape characteristics, including vegetation, 

mulch, topography, wind regime and other regional factors. Studies in the history of 

aeolian geomorphology have enhanced the knowledge of dune morphology, formation 

and development conditions, dynamic processes of formation and evolution, and 

regional differentiation and regularity (Lancaster, 1995; Li and Ni, 2000; Livingstone et 

al., 2007). Studies in traditional dune geomorphology tend to focus on the formation 

and evolution of dunes that are in regions unaffected by complex terrain (Pye and Tsoar, 

1990; Tsoar and Blumberg, 2002); however, sand dune formation also occurs in 

complex terrain. This research focuses on using new methods and softwares for 

visualization the trend and drift of the Erg and dunes that can be a danger for settlers. 

Tavakkolifard et al. (2013) were determined the risk of sand transportation to residential 
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areas around Kashan-Iran Erg using anemometry data analysis without geographic 

information system (GIS) and remote sensing. Sandy landforms are morphologically 

divided into sand seas (Ergs), isolated dunes, dune fields, sandy plains, and sheets. At 

several locations, sand encroachment causes hazards to farmlands, highways, 

population centers and other infrastructures. Remote sensing techniques could be used 

effectively to monitor sand dune movements by comparing the multi-temporal satellite 

images (Pye and Tsoar, 1990) in Saduq having Erg, dune fields, and sandy plains. Bars, 

mulch, vegetation cover, or complex topography can decelerate, accelerate, and 

otherwise control the direction of the wind or windblown sand flow, particularly on the 

leeward side of trees and bushes. These changes in windblown sand movement lead to 

different erosion and deposition near the complex terrain, forming a variety of sand 

dunes, including small dunes, single dunes and string dunes (Evans, 1962; Cooke and 

Warren, 1973; Tsoar, 1983; Elbelrhiti et al., 2005; Elbelrhiti, 2012). Past studies in this 

area have documented local changes in bedform type (Al-Masrahy and Mountney, 

2013) and associated spatial variation in aeolian lithofacies distributions in champ dune 

fields (Breed and Grow, 1979; Sweet et al., 1988; Kocurek and Lancaster, 1999; Saqqa 

and Atallah, 2004; Baas, 2007; Bullard et al., 2011). However, relatively few 

researchers have endeavored to measurably substantiate the form of spatial variability of 

the dune and interdune morphology from the center of aeolian dune-field systems to 

their borders (Jamali and Abdolkhani, 2009; Kocurek and Ewing, 2005; Wilkins and 

Ford, 2007; Ewing and Kocurek, 2010a; Kocurek et al., 2010; Hugenholtz and Barchyn, 

2010). In modeling desert sites, Mili (2016) studied sites where the desert merges with 

wet coastal zones in Tunisia. Mili used GIS and modeling between water storages and 

some social factors in aquifer and floodplain sites merging of desert sites as important 

natural water storage and as natural protection against flooding. Meyer and Crews 

Meyer (2016) conducted a study to examine the suitability and fragmentation analysis 

in the Central Kalahari Game Reserve desert region, using GIS, remote sensing and 

GPS . the suitability analysis revealed three suggested corridors for protection Wildlife 

and Tourism. Potter (2016) has studied the analysis of desert sand dune migration 

patterns using Landsat image time series in the Southern California Desert. The 

predominant direction of sand dune movements was correctly mapped from the satellite 

imagery, as well as the migration distances of the leading edges of sand dunes over the 

entire 1992-2010 monitoring period. Some studies concentrated on extraction of sand 

dune encroachment by GIS (Dakhla Oases, the western desert of Egypt) (Ghadiry et al., 

2012). 

McCulloch and Pitts (1943) created a computational model for neural networks 

based on mathematics and algorithms called threshold logic. This model paved the way 

for neural network research to split into two distinct approaches. One approach focused 

on biological processes in the brain, and the other concentrated on the application of 

neural networks to artificial intelligence. In this study, some methods were composed to 

obtain sand dune movement. By using intelligence method such as multi-layer 

perceptron (MLP) and using a statistical method, we can find land changing and trend in 

Erg and we can control sand dune moving according to their movements. 

The aim of this study is to model sand dune movement related to their shape 

properties (Dune’s stoss and lee side, mulch, dune size) and vicinity threat in the Saduq-

Yazd Erg. The specific objective is to evaluate effective factors in sand dune movement 

and its vulnerability using neural networks, statistical modeling and field surveys. 

Hypotheses are: (i) Sand dunes with different shapes are going to move, and change 
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differently, and (ii) Erg movement towards the city depends on the wind direction and 

relative location of Erg. 

Materials and methods 

Study area 

This survey was conducted on Yazd Erg dune groups in the center of Iran. The Erg 

sand dune lies near the Saduq (Ashkezar), and it is 20 km away from Yazd city. The 

area surrounded by some vulnerable land use such as road, farmland, and villages. The 

height of Yazd plain from the see level is 1200 m with the general slopes of less than 

2%.The plain is located in north of the Shirkouh Mountains (4040 m above sea level), 

which is the highest mountain range in central part of Iran. The Erg has been covered 

with flowing sands, its mean rainfall in the past thirty years was 61.7 mm the average 

annual temperature was 18.1°C and maximum, and minimum temperatures are +46.5°C 

and -15.5°C, respectively. This area has a cold and dry climate, according to Emberger 

climate classification, and according to the Demarton classification, its climate is ultra-

dry cold. The study area has some loose row and single vegetation cover such as 

Haloxylon sp. and Tamarix sp. (Baghestani et al., 2015; Figs. 1 and 2). 

 

Methods 

Following methods in literature (Tsoar, 1983; Tang et al., 2011), we studied the 

morphology of dune types (e.g. parabola and linear dunes) by using a variety of 

methods and measured parameters including slope, length, height and direction (Xiao et 

al., 2015). In the present study, the morphology and movement of sand dunes would be 

investigated using a variety of material and methods, including satellite imagery, remote 

sensing, intelligence GIS and statistical methods to find their possible threats for city 

and its settlers; thus the Landsat 5 Thematic Mapper (TM) acquired in Jun 1986, The 

Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) acquired 

in Jun 2001, Jun 2010, and Landsat 8 Operational Land Imager (OLI) and google earth 

remote sensing images acquired in Jun 2016, were used to identify the dunes,dunes 

transition and their geomorphological parameters. These images have been used to 

analyze the morphology and topography of the sand dunes. Wind data recorded by Iran 

Yazd Meteorological Information Center has been used. Wind data included daily 

maximum wind speed and direction (Figs. 4 and 5). The sand dune boundaries and 

ridges which were clearly defined in the remote sensing images were imported in 

remote sensing software. These temporal satellite images were used for trending dunes 

by a modern method such as MLP while the classical remote sensing techniques for 

monitoring sand dune migration are carried out comparing multi-temporal images and 

aerial photographs (Gad, 2016; Gad and Ali, 2011; Kamel et al., 1982; Hereher, 2000; 

Elbana, 2004). By using the GIS software, the continuous polygons and polylines to 

represent the areas and ridges of the sand dunes were extracted from the georeferenced, 

remote sensing images. Some ground control points (GCP) were used for monitoring 

and selecting the sand dunes shapes and properties and then for doing statistical analysis 

in statistical software (Fig. 2). Some infrastructure and the available data were 

considered for predicting modeling. Digital elevation model (DEM) data are acquired 

from the US National Aeronautics and Space Administration’s ASTER Global Digital 

Elevation Model Version 2 (GDEM V2) with 30-m horizontal and 20-m vertical 
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resolution. also other infrastructure layers that can affect the transition of dunes, such as 

road networks, villages, and city location, were prepared. These layers and classified 

land uses of the region were imported into GIS software. For predicting the dune 

movement, it was assumed a static condition for GIS layers in transition sub model. The 

artificial neural network (ANN) operation uses some layers for trend changes. In this 

research ANN was run with default options in GIS software (e.g. 10000 iterations, 

25000 sample, 50% for test and 50% for training, stop at 0.01 Root Mean Square Error 

(RMSE)). Then decision making was made for future programs based on statistical and 

GIS method results. The flow chart of steps is shown in (Fig. 3). 

 

 

Figure 1. Photo of Erg and dunes a) some mulch in the area b) Taq vegetation c) road next to 

dune d) clay and sand plain 

 

 

 

Figure 2. Location of the study areas, stars shows ground control points (GCP) on the ASTER 

2010 image Red, Green, Blue (RGB) 432 
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Figure 3. Flow chart of study 

Results and discussion 

Wind and dune movement 

The statistical results show that the characteristics of dunes are greatly different in 

different sand formation progresses and environmental characteristics. Dunes kurtosis, 

collection, and movement, reflect the influence of intensive winnowing processes 

downwind of obstacles. Results obtained from the Wind Rose Plot (WRPLOT) software 

analysis indicated that the direction of prevailing winds in Yazd Erg was generally from 

west to northwest. Interpretation of aerial photos and satellite imagery show that sand 

dunes were formed along these predominant winds. These kinds of dunes have two 

wind sides with different slopes. The low slope side (the upwind side) shows the 

direction of the predominant wind. Among the anemometric data employed in the 

research, the frequency percentage of calm winds with a velocity of less than one knot 

(0.54 m s
-1

) was 0.59%, and average wind speed was 6.83 m s
-1

. Based on the storm 

rose, the frequency of winds of a velocity less than 6 m s
-1

 (threshold velocity) is 

93.79% as observed from Yazd meteorological station, and the frequency of dust storm 

winds is reduced to 6%. The analytical results of the grain size in Erg sand dunes show 

that the mean grain sizes vary between 180 and 300 μm (about 280 μm), and the values 

of sorting and Skewness are 1.4 and -0.17, respectively (Mesbahzadeh and Ahmadi, 

2012). Figures 4 and 5 shows that the dominant wind has come from the northwest, thus 

the dunes were expected to move toward southeast. 

 

Movement 

The dunes were selected from the satellite images for the statistical survey during 

1986 to 2016 (30 years). A comparison was made for size in two groups, small and big 
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dunes. These samples were independence, and nonparametric test Man-Whitney U test 

was used for this comparison. Figure 5 shows more movement in small dams, so that 

about 12 dunes had about 50m movement or drift. The result shows more movement in 

small dunes. The other comparison was conducted about the presence of mulch on the 

dunes (Figure 5). The dunes with mulch and without mulch have 38.3 m and had 42.7 

m movement, respectively. We understood the dunes with mulch are more stable. The 

mulch is the fuel that is used around 1980 in the region and its protective effect is 

acceptable. 

In another set of dunes comparison was statistically dunes and single-threaded. The 

two groups were significantly different from the dunes. During the time that the satellite 

images were compared to string and collected dunes have more than a single movement 

(Figure 5). 

 

 

Figure 4. A: Ten years Annual WRPLOT of Yazd region (2004 to 2014). B: The fraction of time 

spent with the wind blowing from the various directions on a daily basis. Stacked values do not 
always sum to 100% because the wind direction is undefined when the wind speed is zero (2006 

to 2012) (https://weatherspark.com/averages/32839/Yazd-Ir) 12/0/2016 
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Figure 5. Comparing displacement (movement) A) big and small dunes, B) Using mulch and no 

mulch, C) single and string dunes, D) Dune’s stoss (front) and lee (back) side relative to wind 

direction 

 

 

Movement and vulnerability trends 

Sand dunes were sampled using satellite imagery and field surveying. Figure 6 

shows four regions which were selected for measuring and monitoring sand dune 

movement base on their geomorphic properties. 

 

 

Figure 6. Sand dunes sampling 1 to 4 for Figure 7 

 



Jamali et al.: Risk assessment of sand dune disaster in relation to geomorphic properties and vulnerability in the Saduq-Yazd Erg 

- 586 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 16(1): 579-590. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1601_579590 

 2018, ALÖKI Kft., Budapest, Hungary 

Figure 7 shows Sand dunes movement measuring and making comparison by size using 

GCP and satellite images, row2 comparison by Mulch row3 comparison by shape 

(single and string) row4 comparison by shape (stoss (front) and lee (back) sides; Fig. 7). 

 

 

Figure 7. Row1: Sand dunes movement measuring by size from GCP (ground control point) and 

image: big and small sand dunes, left to right TM1986, ASTER2010 and Google Earth (GE) 

(lines shows recent border and edge of dunes in past), Row2:Sand dunes movement measuring 

by Mulch from GCP and image: Mulch and no mulch on sand dunes, left to right TM1986, 
ASTER2010 and GE, Row3: Sand dunes movement measuring by shape from GCP and image: 

Single and String sand dunes, left to right TM1986, ASTER2010 and GE, Row4: Sand dunes 

movement measuring by shape from GCP and image: Dune’s stoss (front) and lee (back) sides, 
left to right TM1986, ASTER2010 and GE 
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The dune transition and trends could be achievable by using GIS software and MLP 

neural network. MLP neural network analysis results in preparing four maps of dune 

trends: A: Potential for the transition from dune to vegetation (west of the region has 

more potential); B: Potential for the transition from dune to sand plain (west of the 

region has more potential); C: Potential for the transition from sand plain to vegetation 

(west of the region has more potential); D: Potential for transition from sand plain to 

clay plain (east part of the region has more potential). 

It can be found that dunes are stabled in this region, and residents would change land 

uses to vegetation. Trend and transfer were assessed for vegetation to sand dunes. The 

city and villages are threatened with the direction east to west, and most unsuitable 

changes occurred near the city and where there are intensive road networks (Fig. 8). 

 

 

Figure 8. Trend and transfer for vegetation to sand dunes; the city and villages are threatened 

by this trend east to west, and more severe change is near the city and where it is road intense 

 

 

The vulnerability is a weakness of an asset or group of assets that can be exploited by 

one or more threats (International Organization for Standardization/International 

Electrotechnical Commission (ISO/IEC), "Information Technology-Security Techniques-

Information security risk management" ISO/IEC FIDIS 27005:2008). In this region, road 

networks, agricultural and residential land uses are vulnerable, and sand dune movement 

is a hazard factor that should be controlled. The settlers, villagers, and government are 

expanding vegetation covers to reduce the vulnerability of land uses now. 

In the past (about 1980) black oil mulch was used on the part of Erg near villages and 

cities, but today’s using vegetation cover and biological controlling is the main policy of 

government because it is safe and healthy. Settlers were encouraged to plant more row 

trees perpendicular to the predominant wind by distribution sidles by Saduq (Ashkezar) 

and Yazd Natural Resources and Watershed Management Office. 

Some settlers and other people in a 50-year period should leave their assets, lands, and 

homes because of the sand dunes onset toward their lands. This problem should be 

studied by modern methods such as remote sensing, GIS, and MLP to show the settlers 

and the decision makers the future of sand dune movements and their threats. In 

anticipation of the neural network and trend study it was found that sand dunes will 

migrate to the areas with denser road networks and residential (city and villages) areas. 

Rural and urban development and road networks, as well as the prevailing wind from the 
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west to the east, could be the main reasons for this trend. Reduced groundwater levels and 

declining rainfall can also reduce vegetation during these recent years, and it has caused 

the development of the dunes. Vast areas with 30 km far from the Yazd Erg in the west 

has no vegetation cover, thus this region also can be a sand source that the wind can bring 

them into the Erg. This sand source is also caused growing the sand dunes and incursion 

them toward residential areas. Using MLP neural network, GIS, and statistical surveys 

could show the discussed changes and trends in the status of sand dunes by measuring in 

time series satellite images as well as filed measures. Mirhosseini et al. (2016), Julien et 

al. (2011), Emami et al. (2014), Zhang et al. (2014), Hegazy and Kaloop (2015) also 

confirm this trend and changes in the Erg and dunes related the variation land uses. 

Considering these results, municipal managers can decide better for urban development 

by preventing further conversion of vegetation into the dunes and moving dunes toward 

urban areas. 

Main findings related to wind effects revealed that predominant wind direction is from 

northwest to southeast. 

Conclusion 

According to the findings,sand dunes move toward the vulnerable area in southeast 

and east of Erg such as Saduq (Ashkezar) city and roads. Small, single and without 

mulch dunes moves more than big, strong and mulch covered sand dunes. 

The trend of movement base on wind direction is toward the city and land change from 

dune to vegetation, such that west of the region has more potential and show villager 

positive activity in planting. Another trend shows a transition from sand plain to 

vegetation so that west of the Erg region has more potential and Erg is moving from west 

to east following the prevailing wind direction. The dunes displacement (movement) was 

dependence to size big or small, cover mulch or without mulch and shape and direction of 

them. These analyses can help to city governor and mayor for preventing of dunes offense 

toward the city. Today’s primary policy is using vegetation cover and biological 

controlling by the government. Settlers were encouraged to plant more row trees 

perpendicular prevailing wind by distributing seedlings by population centers. 

Future extensions of this research for future researches: It is proposed such as using 

other spatial factors for logistic regression to find effective factors on Erg expansion and 

sand dune movement. The relation between groundwater, rainfall, and Erg changes can 

be studied. Installing of some wind break and effect of the sand movement during years 

can be considered. 
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