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ABSTRACT

Introduction

Sand dunes are geomorphological features that play an important role in various
planning processes due to their active dynamics and diverse shapes. They consist of
sand formations that move under the influence of wind speed and direction in the region.
Accordingly, sand dunes of different shapes and sizes represent the wind compression
stage and can pose a serious threat to human activities, including agricultural lands and
man-made areas. In fact, the movement of sand dunes causes severe damage to
infrastructure and rural settlements in Iran every year. Identifying active dunes and
monitoring areas with migrating sand dunes are important measures to reduce these
damages. The geographical location of Iran has led to the presence of various types of
sand dunes in many regions. Since Iran is located in the arid and desert belt of the world,
a significant portion of its dry areas is covered by sand dunes, making their movement
and the resulting sandstorms one of the major hazards in the arid and semi-arid regions
of the country. Among the areas with a high density and variety of sand dunes is the
southern coast of Iran. Given the concentration of residential and industrial areas in this
region, the movement of sand dunes can pose a serious threat. Considering the
importance of this issue, the present study assesses the morphological and dynamic
status of the sand dunes on the southern coast of Iran.

Methodology

In this study, Landsat satellite images, Google Earth images, and statistical information
from regional meteorological stations were used as the main research data. The primary
research tools included ArcGIS (for preparing the required maps), WRplot (for
analyzing wind speed and direction in the region), and the Sandrose graph (for
evaluating the status of sand indicators). Considering the subject and objectives, the
research was conducted in several stages. In the first stage, the exact area of the sand
dunes was delineated using Google Earth images, and their morphometric
characteristics were examined. Then, based on their shapes, the sand dunes were
classified into different types. In the second stage, using Google Earth images and by
monitoring individual sand dunes in the region, the dunes were divided into three
categories of activity: active, semi-active, and inactive. In the third stage, the wind
speed, wind direction, and the DPt index of the region’s winds were evaluated, and their
correlation with sand dune activity was analyzed.
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Results and Discussion

The morphology of sand dunes is directly influenced by the conditions prevailing on the sandbanks (such as obstacles,
vegetation, etc.) as well as the characteristics of regional winds. A study of the morphology of sand dunes along the
southern coast shows that, unlike those in Khuzestan, they exhibit a wide variety of shapes. Extending from the Makran
coast to the Persian Gulf, the sand dunes of the southern coast are shaped by diverse environmental conditions, which
has led to the formation of different dune patterns. In addition to climatic factors, the topographic conditions of the
southern coast are also highly diverse, directly contributing to the variation in sand dunes. A spatial analysis of dune
types indicates that on the eastern Makran coast, due to the absence of topographic obstacles and the presence of low-
slope lands, sand dunes are widely distributed, mainly appearing as thin to thick sand covers. In the central parts of the
Makran coast, sand dunes are also widespread, but due to diverse topographic conditions, their types are highly varied.
Toward the western Makran and the coasts of the Strait of Hormuz, topographic obstacles have caused the dunes to
form in a narrow strip, while on the coasts of the Persian Gulf, limited sand resources and specific topographic
conditions have resulted in scattered and very small dunes.

Conclusions

The results of this study show that the southern coastline of Iran contains a high density of sand dunes, with a total area
of more than 2,750 square kilometers. Calculations of the areas of different dune types indicate that thin sand cover,
medium sand cover, and composite width layers account for the largest portions, representing 59.8%, 10.9%, and 7.3%
of the total dune area, respectively. The characteristics of regional winds were also evaluated. Overall, wind speed and
duration on the Makran coast are higher than on the Persian Gulf coast, making the Makran dunes more active.
Moreover, due to diverse topographic conditions and the influence of winds from multiple directions, the region’s dunes
exhibit great morphological diversity. The results of the correlation analysis between wind characteristics and sand dune
displacement showed that the highest correlation coefficients, 0.514 for wind speed and 0.612 for the DPt index, were
both recorded in the spring season. This indicates that sand dune activity reaches its peak in spring. Overall, the findings
highlight that the southern coast of Iran has a high density of active dunes, which significantly affect human activities.
Considering that this region is one of the country’s key population, economic, and industrial centers, attention to the
morphological and dynamic status of its sand dunes is of critical importance.
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Table (2): Area and percentage of area of coastal sand dune layers
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Figure (7): Diagram of the area and percentage of the area of coastal sand dune layers
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Figure (8): Map of coastal sand dune classification based on activity status
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Figure (9): Study area of sand dunes during 2005 and 2020
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Table (3): Calculation of threshold wind speed at the studied stations
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Table (4): Seasonal and annual wind directions at stations near the southern coastal dunes

Yl b Olesls Sle Olie oK
s s @ e o8 o s s s ol
T T T T T S
Cr s s Cr Cr 3
i g O oy O oy N oy SRy 3 oY
S g O oy O oy RS SRy 5SS
< <€ < < < Sl
B e T B0 e T T SLs
=T T T T T Ay
50°0'E 55°0'E 60°0'E
1 1 1 =
z Lozal, ;o
??’- . olf.:...._n_l g
© & [ B
—%},».\ (m/s)oly s oo
TR L YA
= AN
Y z
Hlusis Y-\ 0 =]
z| o —Iy 8
s - ok #l
) Sy >
@ S
S e t ,I sel
.‘ N § '. LI?"
J . ¥ ‘\ ~
\ TS ~
L4 3
N 4 el z
I .))ay - o
Z . ) =R
&1 3 i T e ‘ N
N~ - R
o~ ¢ ";“
Swl> - L g LS 4
TR 7 N
1 1 1
50°0'E 55°0'E 60°0'E

oy |y AV L SLLS Coumdg g dilain (Lo liug] Cardgo didli :(1() J5i

Figure (10): Map of station locations and annual wind-rose conditions at each station
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Table (5): Seasonal and annual DPt values at stations adjacent to the coastal dunes
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Table (6): Correlation between wind properties and sand dune movement
DPt 4 Slawle Lgl.aad.?} ab Caep g sl slo

0,99

ISY /

CIENY /

¥V <JFFY Slls
/
/

JJFYE
“[FAY

S 5 azxis-¥

1ol (lanle sloag £5:5 5 o515, 51 158w Bblie aloz 5l ) Coiz Jolo b3 a5 wao oo (LS Ghaghy cal slaassly
5l sae glsil a8 ols (lad (Su5lsd 50 Loy 09dise 3550 @yeyieskeS YVO- Sl (i (2)lse (nl Consy o5 slaisS &
alez 51 S95UsS slagfl e @lio 5 ol sla Sy « BT Lulyd o3l Cov a5 wlass 5 UKL dilaie o lawle sloas
slog) 1, Calizes (glacuslins b gl (slo sy (rizmad § oS yo g ool 2dye «eS yo g ool oo el o5y (glods
S o 5250 el 5wl gl 5 Culhs o5 lasle Glails & bgye mhe (ke (JBST Cnl Qe 5o ailes S
olSiwsl (F 5 50 0l Slgl8 5 e s a5 sl G151 S dilate glaol Sloz § S Comdy oy p @l K00 (S 5] e
3 slale sloas S o g ol GRIBlcage ol ren g 039 o) S Jolgw 5l S e il 4 (1S S g )3 0
zol Sl g3l Glas e Jad po ) ke 0 i S laale el 5 ol laasls (e (Stacen Cul 0al 4l ()
sloags YL w15 Lo & plnl (e Jolgw &5 S8 4l Glgi o gserme 5o el Jad Gl po g0l slaanl el
el (Bl slasiyanliyr 5 (Speke oy 4z s wieild ¢ Sladl Sl dld 5 (L) 65 i o bapT (1B 5 Jlb slanls
Shoolatul b slavle slodas o599 90 Ol pass awails (iob 4 ST Sldllas 4o 098 oo dlpidan wdnlcusoas guls 4 a>g5
a4z b uizmen 09,5 (s 5380 jsbay lap] U5 0id 5 alraly wg, U 0gh ailoyy GIS 5 j505l jiomis lacs, 5k
5 69z bulpl 5 Eds Julo jo wlg oo (doe cwlillsn slaolliws] (laaSil aswy g cuai (B lse (nl obigy jo oL S5 A&
o (Slse 5 (Seiglon i wile unoe slagyb Gzl s (L s o 3ol Fhe eanl Sl e
G835 SCed)b & axgi 0 Sl & (5900 St g ez S Sjgle )0 ohga b Bble )3 laube
£5Y Loles 351 o0l 8 dilate )l dnmgi (slp (o b (Sl 0 y5e (sl Lid 2l s Wlyi o 523 (2138l Su3olsh 995
o o peS 4 OIS (g5 (slisT s |y (glhnmss (lodsli gl sloas cxmab by 8, S o b RS sl el

095 dlml Su59le3 590955 Slaossdy 5 Sl laclad Gl

Sl Sl
ool (INSF) o)1) e (Lo slity Lawgs suiialos A=+ YEYD o)leds iy b 5l 48,5 5 allie (]

139



VE P e PO o ladi (VY 040 58158050 9359000

Refrences

Batooli, H. (2019). Ecotourism aspects of sand dunes and the environmental risks facing it. [ran Nature, 4(3),
11-20. https://doi.org/10.22092/irn.2019.119470 [In Persian].

Dashti, A., Mohammad, R., & Al-Hurban, A. (2021). Sand dunes-induced geomorphological changes in Um
Ar-Rimam depression, Kuwait. Arabian Journal of Geosciences, 14 (1632), https://doi.org/10.1007/s12517-
021-08108-w.

Ekhtesasi, M., & Dadfar, S. (2013). Investigation on Relationship between Coastal Hurricanes and Sand
Dunes Morphology in South of [Iran. Physical Geography  Research, 45(4), 61-72.
https://doi.org/10.22059/jphgr.2014.50072 [In Persian].

Fryberger, S.G. (1979). Dune forms and wind regime. In: McKee, E.D. (Ed.), A Study of Global Sand Seas.
Geological Survey Professional Paper, 137—169. https://www.researchgate.net/publication/349216893.
Ganjaeian, H., Mohammadian, K., Javedani, M., & Safari Namivandi, M., 2023. Estimating the desertification
potential of Yazd Province wusing DVI indices. Desert management, 11(2), 35-48.
https://doi.org/10.22034/jdmal.2023.2004871.1419 [In Persian].

Hamdan, M.A., Refaat, A.A., & Abdel Wahed, M. (2016). Morphologic characteristics and migration rate
assessment of barchan dunes in the SoutheasternWestern Desert of Egypt. Geomorphology, 257, 57-74.
https://doi.org/10.1016/j.geomorph.2015.12.026.

Hereher, M. (2018). Geomorphology and drift potential of major aeolian sand deposits in Egypt.
Geomorphology, 304, 113- 120 _.https://doi.org/ 10.1016/J. GEOMORPH.2017.12.041.

Hermas, E., Leprince, S., & EI-Magd., I.A. 2012. Retrieving sand dune movements using sub-pixel correlation
of multi-temporal optical remote sensing imagery, northwest Sinai Peninsula, Egypt. Remote Sensing of
Environment, 121, 51- 60. http://dx.doi.org/10.1016/j.rse.2012.01.002.

Jadidoleslami ghalehno, M., Esfandiari Dorabad, F., Seraskanroud, S. A., Abedini, M., & Mostafazadeh, R.
(2024). Assessing the hazards caused by the movement of sand dunes in the Sistan plain (Zabol) and its impact
on rural settlements. Journal of  Environmental Science  Studies, 9(1), 7855-7872.
https://doi.org/10.22034/jess.2023.395677.2023 [In Persian].

Jafari, G. H., & khanhasani, K. (2023). Investigating the Role of Wind Speed and Air Pressure on the Spatial
Identity and Spatial Distribution of Dunes in Iran. Journal of Environmental Studies, 49(3), 255-277.
https://doi.org/10.22059/jes.2023.347480.1008351 [In Persian].

Lancaster, N. (2009). Dune morphology and dynamics. In: Parsons A J, Abrahams AD (eds) Geomorphology
of desert environments. Springer, 824 P. https://10.0.3.239/978-1-4020-5719-9 18

Lancaster, N., 1995. The Geomorphology of Desert Dunes. Routledge, London, 290 P.
http://dx.doi.org/10.4324/9780203413128.

Lancaster, N., Nickling, W.G., & Gillies, J.A. (2010). Sand transport by wind on complex surfaces: Field
studies in the McMurdo Dry Valleys, Antarctica. Journal of Geophysical Research: Earth Surface, 115(3),
1-10. https://doi.org/10.1029/2009JF001408.

Maghsoodi, M., & Ganjaeian, H. (2025). Aeolian Geomorphology of Ergs and Dunefields in
Iran. Desert, 30(1), 41-66. https://doi.org/10.22059/jdesert.2025.102461.

Maghsoudi, M., & Ganjaeian, H. (2024). Classification of ergs around the Kavir plain (Dasht-e Kavir) and
the Masileh Playa and assessment of their changes. Quaternary Journal of Iran, 10(1, 2), 88-107.
https://doi.org/10.22034/irqua.2025.2054847.1042 [In Persian].

Maghsoudi, M., & Ganjaeian, H. (2025). Classification and analysis of the morphological and dynamic status
of sand dunes (Case study: Khuzestan Reg). E.E.R. 15(2), 1-19._http://dx.doi.org/10.61186/jeer.15.2.1 [In
Persian].

Maghsoudi, M., & Ganjaeian, H. (2025). Studying the Distributions and Areas of Sand Dunes in Iran Using
Remote Sensing Methods. Geography and Environmental Planning, 36(2), 89-

112. https://doi.org/10.22108/gep.2025.145019.1721 [In Persian].

Maghsoudi, M., Fathollahzadeh, M., & Ganjaeian, H. (2021). Monitoring wind speed changes and its effect
on the displacement and changes of sand dunes in the Lut Sand Dunes. Sepehr, 30(118), 13-126.
https://doi.org/10.22131/sepehr.2021.246137 [In Persian].

140


https://link.springer.com/journal/12517
http://doi.org/10.1007/s12517-021-08108-w
http://doi.org/10.1007/s12517-021-08108-w
https://www.researchgate.net/publication/349216893
https://doi.org/10.22034/jdmal.2023.2004871.1419
http://dx.doi.org/10.1016%2Fj.geomorph.2015.12.026
https://doi.org/10.1016/J.GEOMORPH.2017.12.041
https://10.0.3.239/978-1-4020-5719-9_18
http://dx.doi.org/10.4324/9780203413128
http://dx.doi.org/10.1029/2009JF001408
https://doi.org/10.22131/sepehr.2021.246137

\f. ¥ QL“..M) JFo .a)La.."Ja Y 83 c‘_;j}.‘}é)}a}sjj)-\:.&

oS g Gogato e (Sl Cardg g 0k Olwoguas HOU Julxd

Maghsoudi, M., Ganjaeian, H., & Hoseini, S. (2018). Evaluating the Effectiveness of Supervised and
Unsupervised Classification Methods in Monitoring Regs (Case Study: Jazmourian Reg). Journal of Arid
Regions Geographic Studies, 9(32), 81-92. https://jargs.hsu.ac.ir/article 161472.html [In Persian].

Mahyou, H., Tychon, B., Balaghi, R., Mimouni, J., & Paul, R. (2010). Désertification des parcours arides au
Maroc. Tropicultura, 28(2): 107-114. https://www.researchgate.net/publication/46378957

Mashhadi, N. (2024). Morphodynamics of sand dunes and wind patterns (case study: New erg and Young,
South-East of Qom).  Geography and  Environmental  Hazards, 13 (1), 338-317.
https://doi.org/10.22067/geoeh.2022.76706.1227 [In Persian].

Naemi, M., Zandifar, S., Khosroshahi, M., Ashoori, P., & Abbasi, H. (2021). Investigating the Effects of
Climate Change on the Mobility of Sand Dunes (Case study: Sabzevar City). Desert Management, 9(2), 1-
18. https://doi.org/10.22034/jdmal.2021.246296 [In Persian].

Negahban, S., Ganjaeian, H., Ghaysarian, S.S., & Ebrahimi, A. (2025). Identifying dust centers and analyzing
the factors affecting their occurrence based on remote sensing data (Case study: Southwest Iran). Geography
and environmental hazards, 13(4), 386-405. https://doi.org/10.22067/geoeh.2024.89088.1504 [In Persian].
Othman, A., Al-Saady, Y., Shihab, A., & Al-Maamar, A. (2019). The Aeolian Sand Dunes in Iraq: A New
Insight. Environmental Remote Sensing and GIS in Iraq, Edited by Ayad M. Fadhil Al-Quraishi (Iraq) and
Abdelazim M. Negm (Egypt). Springer, 279-300. https://doi.org/10.1007/978-3-030-21344-2 12.

Qi, Y., Pan, M., Hao, Z., Yang, A., & Xue, W. (2021). Variations in aeolian landform patterns in the Gonghe
Basin over the last 30 years. Journal of Mountain Science, 18 (8),2034-2047. https://doi.org/10.1007/s11629-
020-6378-7.

Sadeghi Ravesh, M. (2018). Analysis of wind erosion and determination of sand movement direction in
Khezrabad region. Watershed Engineering and Management, 10(1), 95-107. (In Persian).
https://doi.org/10.22092/IJWMSE.2017.108120.1216 [In Persian].

Safari Namivandi, M., Ganjaeian, H., Ebrahimi, A., & Ebadinezhad, S.A. (2023). Assessing Desertification
Risk Potential Using DVI Model (Case Study: Northern Regions of Semnan Province). Geographical studies
of arid regions, 14(53), 1-17. https://doi.org/10.22034/jargs.2023.397791.1032 [In Persian].

Sharifi Paichoon, M., Omidvar, K., & Miri, Z. (2020). Morphological study of the sand dunes in Zarrin Erg
and its adaptation to the regional wind data. The Journal of Geographical Research on Desert Areas, 8(1), 1-
27. https://dor.isc.ac/dor/20.1001.1.2345332.1399.8.1.1.6 [In Persian].

Sun, W., & Gao, X. (2022). Geomorphology of sand dunes in the Taklamakan Desert based on ERAS
reanalysis data. Journal of Arid Environments, 207 (1), 77-99.
https://doi.org/10.1016/].jaridenv.2022.104848.

Ustrich, A., Mapelli, F.J., Mora, S.M., & Kittlein, M.J. (2021). Landscape Change and Associated Increase
in Habitat Fragmentation During the Last 30 Years in Coastal Sand Dunes of Buenos Aires Province.
Argentina. Estuaries and Coasts, 44(6), 643—656. https://doi.org/10.1007/s12237-020-00798-x.

Zhang, G.F., Molina, C.A., Shi, P., Lin, D., Guijarro, J.A., Kong, F., & Chen, D. (2019). Impact of near
surface wind speed variability on wind erosion in the eastern agro-pastoral transitional zone of Northern China
(1982-2016). Agricultural and Forest Meteorology, 271, 102-115.
https://doi.org/10.1016/j.agrformet.2019.02.039.

Zhang, Z., Dong, Z., & Li, C. (2015). Wind regime and sand transport in China’s Badain Jaran Desert. Aeolian
Research, 17, 1- 13. https://doi.org/10.1016/j.ae0lia.2015.01.004.

Zou, X., Li, H., Liu, W., Wang, J., Cheng, H., Wu, X., Zhang, C., & Kang, L. (2020). Application of a new
wind driving force model in soil wind erosion area of northern China. Journal of Arid Land, 12, 423—-435.
https://doi.org/10.1007/s40333-020-0103-9.

141


https://doi.org/10.22067/geoeh.2022.76706.1227
https://doi.org/10.22067/geoeh.2024.89088.1504
https://www.researchgate.net/project/Environmental-Remote-Sensing-and-GIS-in-Iraq-Edited-by-Ayad-M-Fadhil-Al-Quraishi-Iraq-and-Abdelazim-M-Negm-Egypt-Springer
https://www.researchgate.net/project/Environmental-Remote-Sensing-and-GIS-in-Iraq-Edited-by-Ayad-M-Fadhil-Al-Quraishi-Iraq-and-Abdelazim-M-Negm-Egypt-Springer
http://dx.doi.org/10.1007/978-3-030-21344-2_12
https://link.springer.com/journal/11629
http://dx.doi.org/10.1007/s11629-020-6378-7
http://dx.doi.org/10.1007/s11629-020-6378-7
https://jwem.areeo.ac.ir/?_action=article&au=156174&_au=Mohammadhassan++Sadeghi+Ravesh&lang=en
https://dx.doi.org/10.22092/ijwmse.2017.108120.1216
https://doi.org/10.22034/jargs.2023.397791.1032
https://link.springer.com/journal/12237
http://dx.doi.org/10.1007/s12237-020-00798-x
https://doi.org/10.1016/j.agrformet.2019.02.039
http://dx.doi.org/10.1016/j.aeolia.2015.01.004
https://link.springer.com/journal/40333
http://dx.doi.org/10.1007/s40333-020-0103-9

