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Abstract
Movement of sand dunes and its impact on the road of Al Ugayr- Al Hofuf in the
Kingdom of Saudi Arabia using remote sensing

Ibrahem Sayed Saber Bakry
Department of Geography & GIS-Imam Mohammed Ibn Saud Islamic University- Kingdom of Saudi Arabia
Department of Geography Faculty of Women, Ain Shams University, Cairo

Sand forms cover about 50% of the total area of the Kingdom of Saudi Arabia (KSA), and it is
one of the most important and distinctive geomorphological features in the Kingdom. The movement
of sand dunes, especially barchan dunes which represent a great danger that hinders the development
processes. Al Ugayr- Al Hofuf road in the Eastern Province of the KSA is exposed to the
encroachment of sand dunes under the influence of the prevailing northern winds most of the year,
accompanied by the prevailing drought conditions. The current study aims to estimate the movement of
the barchan dunes on the Al Ugayr- Al Hofuf road in Al-Ahsa Oasis from 2001 to 2019, by analyzing
Landsat-7and 8 and Sentinel-2 satellite images, using spatial analysis methods within the GIS
environment, In addition to the field study, in order to estimate rates of sand encroachment and its
effects on the road.

The study identified three main sectors of barchan dunes, which vary in size and height,
represented by large-sized dunes with a height +40 m, and small-sized dunes ranging in height from
15-30 m. The study found that the average movement of barchan dunes reached 75.5 meters during 13
years from 2001 to 2013, with an average of 6.2 m/y, while the average movement of barchan dunes in
the period from 2013 to 2019 ranged nearly 57.2 meters at a rate of 9.5 m/y. Movement rates increase
in barchan dunes of medium size and height (15-25 m), which characterized by its small sand grains,
while movement rates decrease gradually due to the increasing of dune size and the growth of seasonal
desert weeds. The study also concluded that more than 75% of the average sand movement is mainly
related to the dominant northerly winds.

Keywords: Al-Ahsa, Sand movement, Barchan Dunes, Natural Plant, Hazards

A ) aa yall g Jilaall

395 - 64 Ua pa bl agh dlld) Ai€a | Y dngdal) e )3l elal) ol )l (ailad 1(1993) Gl dlae o 2eu

Ll aal) ad Al jaa il Abudes Zon 5108 ya o Al ) 1 oS W50 3 el Jalid) @l 1(1986) el dielon) danay 5alS daaf apeall 2e
o 124 ¢y S A jaal) Lmaall 5 oy oSI) daalay

b A sadl Ay yal) ASLaally slua¥l daly b Aol )3l Jiall o 8 W il s Ay sladl s Abe ) Caal 2l 1(1996) Lallall e deal il e
T7-T30a ua cpali)ll asms cllll daala 24 o8 ) 48l jaa &g

Aady) s O 2ena plaY) Aasls Alaa dgd gmal) Ay pall ASLeall (e A8 Ailaiall A )Yl JSET (1994) sl seals o e
332-266 Ua pa cpalll e galall saal)

U el it gl agh Gl A5 (s Y pelans QAT — 2y gl Ay pal) ASLaall Am g1 5 ) s im s Am sl pen 2(2008) ool el 0 bl
129 - 125 g=

- 254 -



1325y 3 gmaad) A jad) ASLeally i gighl = all 3ash e o iy Al LESY s
Lm ‘ ‘ e - - - - o for. - .
LEJSJJ" ‘3.'3“’(":&‘)"‘ A"—‘U‘:‘)L‘N \j‘

2017 alad Lll dlan 5 sl )3 Aalal) Aiggll lany) i)

2019 Al Jead Ald) daalal dae) ) 3 Eila¥) ddass

— il A0S - A jral) Csandl B — Aua gl g e g Al 50 eluaV) dal g At ) )Y e JISET 1(1990) arde suns (5 ua Jeas
Bl (9 el uad Cpe dadls

oSl daalay Ll jaal) and (135 4l aa Jilu Alul e grad) 4 jal) ASLeall coluah Laliad) CogLlall 1(1990) pilu sne (5 ma 2ana
02 54 Ay S A paall Amandl

285 Al Jil ) Al slua¥l daly g Alal) QSN Con ) 481 50 (3 day (o i) LS (5001 1(2004) 250 ) deme iy Jelin
e 71 A S Al pall dpmead) 5 oy 811 dnalany Ll jral) o

Ao gl A el ASLadl) ¢yl salall 5 £ 80l 30 35 1994-1985 <l siuall o sigl) Aanal dm 515 siaall ol il dil) dlas 5 2l )Y daliaa

«Js¥) e all 49 alaall el jeaall 481 aall Lmanll s jall 4l jaal) Asall 538 Sl ao dan sl 5003 1(2018) s L sme (55 b saa
85—-41 p=a =

Ll 50 ) plaall (el ) e e dadl gl A0 clinall QU Jle ] Aiaeall g A0SEN 5 dpaaall Gailiadll 1(1992) aml ) dae o sele 20
02kl 2 sa Gllall daals Ll aall aud 6 ) plie e piivale Allu ) bl s o1 5d ) ga sl 3 Al

— 1 U= 64 232y oS Aaals a5 Canll Bas Sl A jrall 5 al celua¥) dal g Jlo sl Cin ) 1(1984) Ll sl Gl deaa o
27

Ulne Jall s USEall 1 an sl JUaY) s gaadl A jal) ASLadl) (3 Jlall sao @il (e don sl 58 s s0n z3lei 1(1993) Ladll ol e dene oy
629- 603 U= U= ¢(2) Y1 ¢(5) Alas 62 pras L) Axals

dial) aa) yal)

Bader, T. (1989): Scientific means and studies used to stabilize dunes in the Eastern Region, Workshop on Desert Studies in the
Kingdom of Saudi Arabia, Center for Desert Studies, King Saudi University, Riyadh, pp.45-66.

Baughman, C. A, Jones, B. M., Bodony, K. L., Mann, D. H., Larsen, C., F., Emily, H, and Smith, J. (2018): Remotely Sensing the
morphometrics and dynamics of a cold region dune field using historical aerial photography and airborne LIiDAR data.
Remote Sens., vol. 10: 792; doi: 10.3390/rs10050792

Benaafi, M., Abdullatif, O. (2015): Sedimentological, mineralogical, and geochemical characterization of sand dunes in Saudi Arabia.
8:11073-11092, Springer.

Chapman, R., W. (1971): climatic changes and the evaluation of landforms in the Eastern province of Saudi Arabia, Geological.
Geological Society of America Bulletin, v. 82, p. 2713-2728, Boulder, Colorado.

Chapman, R., W. (1974): Calcareous duricrust in Al-Hasa Saudi Arabia, Geological. Society of America, Bull, vol. 85, pp. 119-130,
Boulder, Colorado.

Cooke, R., U., Brunsden, D., Doornkamp, and Hones, D., K., C. (1982): Urban Geomorphology in dry lands, Oxford University
Press.

Els, A., Merlo, S., & Knight, J. (2015): Parison of Two Satellite Imaging Platforms for Evaluating Sand Dune Migration in The Ubari
Sand SEA (Libyan Fazzan) The International Archives of the Photogrammetry, Remote Sensing and Spatial Information
Sciences, vol. XL-7/W3.36th International Symposium on Remote Sensing of Environment, 11-15 May 2015, Berlin,
Germany.

Fryberger S.G., AL-Sari, A., Clisham, T., J., Rizvi, S., A. and AL-Hinai, K. G. (1984): Wind Sedimentation in the Jafurah Sand Sea,
Saudi Arabia, Sedimentology, vol.31, pp. 413-431.

Hotzl, H. Maurin, V., & Zotl, J. (1948): Geologic History of the Hasa Area since the Pliocene, in S. Al-Sayari and J. Zotl, (eds.)
Quaternary Period in Saudi Arabia, vol.1, pp. 56-76, Springer-Verlag, New York.

Hotzl, H. Maurin, V., & Zotl, J., (1987): Climatic Changes during the Quaternary Period, Quaternary Period in Saudi Arabia, pp.
301-311.

Johnson, D., Kamal, M. & Ramsay, J. (1978): Sabkhas of Eastern Saudi Arabia, in S. Al-Sayari and J. Zotl, (eds.) Quaternary Period
in Saudi Arabia, vol. 1, pp.89-99, Spring-Verlag, New York.

Johnson, D., Peter R. (2006): Explanatory Notes to the Map of Proterozoic Geology of Western Saudi Arabia. Saudi Geological
Survey.

Levin, N., Ben-Dor, E., Karnieli, A. (2004): Topographic information of sand dunes as extracted from shading effects using Landsat
images, Remote Sensing of Environment, vol.90: 190209, Elsevier.

Potter, C., Weigand, J. (2016): Analysis of Desert Sand Dune Migration Patterns from Landsat Image time series for the Southern
California Desert. J. Remote Sensing & GIS, vol. 5: 164.

Rami, W. A. (2016): Sand Area Changes in the Emirate of Abu Dhabi, United Arab Emirates between 1992 and 2013 Using a Time
Series of Satellite Imagery, Unpublished Master Theses, United Arab Emirates University, 122p.

- 255 -


https://link.springer.com/book/10.1007/978-3-7091-8494-3

