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Introduction

Aeolian sand transport is a complex process influenced by many variables including wind
conditions (Lancaster, 1985; Anderson & Haff, 1988; Gillette et al., 2001; Zou et al., 2001; Liu et al.,
2005), grain size and sand surface moisture (Jackson, 1998; Wiggs et al., 2004), surface crusting (Leys
& Eldridge, 1991), topography (lversen & Rasmussen 1994; Hesp et al., 2005), and vegetation cover
(Buckley, 1987; Kuriyama et al., 2005). The importance of sand dunes studies is due to their impacts
on water and soil resources, flora and fauna, human infrastructure, and roads. Sand drifting can lead to
losing agricultural lands, burying residential buildings, railways, highways, and other infrastructures in
many areas of the desert (Zhu et al., 1980; Lei et al., 2003; Dong, 2004). Bagnlod (1981) has done the
first study on the movement of sand dunes. In recent years, many studies have been done on the
cognition of sand dune processes, which include the study of the winds and sands migration in
different dunes. Needless to say that significant signs of progress have been obtained. In this regard,
there is no doubt that the remote sensing technique and its capabilities, as well as the optimal time
sequence of satellite imagery in mapping erg areas, have fundamental performances. Using these
images, a substantial area of sand dunes can be examined in a short period of time, and then we can
talk about the identification of active dunes, their expansion, and relocation.

Methodology

To study the changes and migration of sand dunes, this study was conducted in two stages. At the
first stage, to evaluate changes in the range of sand dunes in the study area, Landsat images were used
for the years 2001 and 2019. Moreover, to detect the changes in the Zahak Erg range the ENVI
software was used. The results of this section can be important in the overall assessment of the area.
Additionally, in order to detect the trend of changes in those parts where significant shifting occurred,
we used either Landsat or the Google Earth images with different time intervals. It worth mentioning
that for geo-referencing the Google Earth images of recent years (2006-2018) the Stitch Map Software
was used. Moreover, to draw the sand rose, the Sand Rose software was used. Sand rose is the Graph
of Portable sand by wind energy, which was used by Fryberger and Dean (1979) for the first time. In
order to draw this Graph, winds that were faster than the erosion velocity threshold were developed
into vector units as sand drift potential.

Discussion

Mobility is the most important characteristic of sand dunes. In this regard, special attention should
be paid to the importance of wind in changing the sand dunes morphology. In addition, studies of sand
dunes migration provide basic knowledge about wind processes and sand transfer values. In this study,
monitoring and detection of the sand dunes relocation rate have been considered based on the use of
Landsat images (for the years 2001-2019). At the first stage, the regions that have been faced changes
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were identified using the change detection technique for the entire range of Erg. Based on the output
map, marked areas with the red color experienced the maximum changes, and also, in this section,
sand dunes have been more developed. The differences between the two images within the sand dunes
area were estimated at about 23 km” However, the pattern of sand dunes migration represents
relocation from the Northwest to the Southeast. At the next stage of the study, to understand the
change rate and relocation trend, Google Earth images were used (years 2006 and 2018). Furthermore,
the region with significant changes has been selected for a closer look. Moreover, using Stitch Map
software, the georeferenced images were extracted. It worth mentioning that, from the five selected
zones on the Erg surface, a total of 368 cases of sand dunes were quantitatively analyzed. According
to the results, the greatest amount of migration was found for zone 3 with the amount of 24.72 m, in
contrast, the lowest value was calculated at about 14.16 m for zone 5. In addition, the migration
average rate for a period of 12 years was calculated. Here, the maximum migration belonged to zone 3
which is 2.06 meters per year. While the minimum one allocated to zone 5 was 1.18 meters per year.

Conclusion

In this study, the authors monitored changes in sand dunes using satellite imagery data and wind
data of meteorological stations of Zahak Erg. In this regard, the sand dunes activity rate, dunes
migration pattern, and also factors affecting their intensity and patterns were identified. The results of
the 368 studied sand dunes in different parts of the erg surface indicated displacement with a
northwest-southeast trend, which is consistent with the results of data analysis for wind pattern. But
the average amount of displacement of 1.53 meters per year for a period of 12 years (2006 to 2018)
with the results of data from Zabol wind station showed the amount of sand carrying more than 300
tons per meter for a year. The changes in wind speed at this station were inconsistent and it was shown
that the maximum value obtained was before the stabilization of the active sand dunes. In addition,
smooth sands move on the surface of the earth, independent of sand dunes, which cannot be measured
by images.
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Tablel. The classification of wind energy environments using drift potential (DP) and directional
variability (modified from Fryberger and Dean, 1979: 142)
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studied hills (Authors, 2019)

1. change detection
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Figure 5. Flower diagram at Zabol station (Authors, 2019)
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Figure 6. Diagram of wind speed changes in Zabol station (Authors, 2019)

Lancaster et al., 2010: 3; Delgado et al., 2011: ) ol ale fom ol 3 51 2o o 35S S cansle fo sl

33 ¢.x_a e inlieay aule fo i dalllas (221 Gillies and Lancaster, 2013: 787; Yurk et al., 2013: 46

Sand Rose Graph i, 3ls 5 5l eslitul L wlsl ool sl ol b as 8k 55 aule 5 o8 fom gladyl 5 S s
Wl o el VS s 5 o8l sl solel (sla el s s ey 5 oSl 3 anls Jo (gla S5

[ Sand Rose indices N ZABOL
] £ -/\A
DPt 2079.8 A ‘»ﬁt;'*
RDP 1681.923 s
RDD 147
RDP/DPt | 0.809

Qs=1484.47 Kg/m.s
RQs=103.01 Kg/m.s

(59

DP
N=6317 | S=1429
NE=0.5 | SW= 0.7
E=0.3 W=1.2
SE=1.1 NW= 1301.4
TSF= 4334645 Kg/m.Y: b2
5 e 1V.U=56mm

Time Period: Annual

DSF= 300790.9 Kg/m.Year %F>Vi= 43.56

QYA OB s 5) ol o] 53 anledS jla 505 vV ISS
Figure 7. Golmaseh diagram at Zabol station (Authors, 2019)



AR 50l ¥ oyled VA by Y Jle (asee s p0,00 p 5 Wlae Vs

ol S L YAVA/A 1 ol 55 (DPE) asle o ool ldis codal s et

O sl s bl 3l ol ol 3 3l 351 () s s sdaail) 4979) ' s 5 S a3 St
Sl op iy oS Sl ol SO O st ol (Sbaesls Lol el 6303 0L RDP bl b ale Jo= Ol 5 s 5
g Sen L (UDD) sl slacgr (5 d s ald 5025 VWA Ll olal ol sl ale o 015
Slgr Gl et el ol elal ol ails Jo 015 IS @ ale Lo ole i Cos oS anle o
Slals slaas ¢S ISE 5uS 0Ly 5 anr G gl Gutnaid L oS (6 i 05,8 L3 b5 olaal sl 5L
Lol el 03l 0LE RDD (g lant] cudle b anls o8 > Lalls cgr 05me slaesls .ol S 5 0
53 Slls Glans plralr s » pedies 6ty o i & 5 ool 612 RDD 0 g (slaesls 4 4 5
nl oo Dl le 3 (o3 e oS 5= 3 el elal p (DSF) eudlr il duls § e ol il 3 Koy pebane
aalo 0L el s 5 dle o e o3 Yo /A (bl olSanl s eddlrals fuls Slds o i (ol alal
Seslinal ol il 53 aule 3Ly e liie 30SOLs & 0l 5550 dlo 53 2 o S skS 1Y (RQS)
AL S e glule slaag (S 8 4 Col olasl (S 5 oo 31 g ol al (glaesls
Glads S = Wy, 5 Bd g — ok Jled g 3 oKl ol gl k] s o o jni 1,108

el 03 5 Ol 553,V Y glasl b sy s PSP Jhld 50 glawle

& S 4w
O e ¢ ormimnnsls oKl 5L gloosls 5 (glolpale o sluai (glaeals 5l eslizad bl o 2005 antllas ol s
2 A YW sl s e e Say S a3 sdme 3 sliuls glaag plrals 58015 ol
El Lt ool ol G0 G - o8 Jled 5 b plrals aias0lsl ) e il gls s
Sl b 53 2 10T bl Jlade (Sl oo 63505 Cdillae 5 Slgeen 5L (65801 g slaesls Jows
e S L5 (pinsl oSl (slaesls il b azmst ol el ool oz 0 (YA L Yo ) JLAY Sl a3L
- U I SN EPCVSVCH SV I W PRSIV SVEPIR VISP A WARE Sl SV AN & IV DU PR Ve
andly iSOl 5 a3l Sy shen das e 0L oK) cpl s azddS Il 00 Uk 55 1 5l e gie s
e aS YA Il SIS S slal a5 Ly ol ol il plrals i ol 51 i Sl
035 by o b laduls glaag S 5l Gio 4 ol Jol Jldis () STu als e 0LES 1) 002005, laauls
B slar LS uS o 08 > (glanle slaag 1 i 5 e law 53 Olss slaale OF e sdle 5 ool

s ‘5;0)\.«\."

1. Fryberger and Dean



\¢0 O 5 Lyl S aabls sl oKyl slaesls 5 (slo,lsabe 2ol Jdow b glawbe slaag Ol puds 0L

ple
Ll (5,553 Wby Ol 55 aliwgy 5 48 Jilite Jailg, 51 (gladdane Joloss ((1TVA) (s o350l
N0 = A0 Glul pse 5 lust 8asliils Olgiuol olS2ils (gladlatacs 4 (5 5aal
ol L] Olgs O Sl Y b (ool b B - 0Lk 163,58 S5 585 55855 (1TAO) e ((sita|
e
Sl Lallad (13300 5 (—I50bk Wl b 4 (et (5 50) 0Ly (IYAV) ( Jodame (Ol e
08 V88 ((OF 5 0F L) Y -) slad NE b oLl
sl Oes Sldlas 5 26 A1y .(0FRQ) (Ol g 5 Ol Ol oDl OV Ko 5Ly
ol £ ey oLy, (OFAY) ol coallcims So s (1815 (s gams o3l pals caard (6 5y
G i Ol gy 5 Ol Olisl 1535 90 Anlllan (glad > fdod g, 5 ealiial b ulidl o Il
XU-Y0 OV Gled by ol sl oige
Ole sl Ol 859,0Y0 glasly aomacan ) 5 (54581 D131 (Lagh 7 b (0TAL) 0 sams (5
3 Ol Ll i 5 e psle Uiy 5y b 5 slis Ol b 5 Ol Ol s 5 Lo bl
Yoo Sl sk
Lol Ol L 0Ly glawls slaag Ol 5 as ab550 5 @bl (YA e (55
oo WWNLOE S b mlie o515 il gl )l
iyl ) by cnw s s Wi i (bl s g M Cale sk 4 am g OYAY) (e aide
AYY -1
Sla JSis )3 Glojlgalo palas 5l ealiinl b glawls laag (g i Koy (g (VTAC) O ik
05 S e Aty odlael 13T o8zl (Al iyl BLOLL (Ol s G, 5 Jlad o
(o
(el i b (e sl il s a5 o LLO (b sl (Gdaze Ol e (63 52k
@ Jw (oS G355 Gaiasy (adpdy) O C b SO, 5 Ky alralr Gl (T4
AL IV 5l
Ol s G (lamle slads (55 0 Koy (5858590855 Jalowi (OYAY) S il ¢ 2K
R AT led b g s Wi el sla JLSas s
o8l iyl ol )8 LLOLL ki o Bla gy G Mmoo 56 Sl S1 gy 5 OYVY) ol 3 855,50
o 140 (Ll A 05 8 (Ol 5k 5 Ol

Ahmadi, H., (2006). Applied Geomorphology Volume 2 Desert - Wind Erosion, Tehran, Printing
turn 3, University of Tehran Press.



AR 50l ¥ oyled VA by Y Jle (asee s p0,00 p 5 Wlae 73\

Ahmadian, M.A., (2008). Desert (A Systematic Approach to the Desertification and Desertification
Process), Geographical Research Quarterly, Nos.1 and 2, Consecutive 52 and 53, pp 146- 159.
Al-Awadhi, J.M., Al-Helal, A., Al-Enezi, A., (2005). Sand drift potential in the desert of Kuwait, J.

Arid Environ, 63, pp 425- 438.

Bagnold, R.A., (1941). The Physics of Blown Sand and Desert Dunes, Chapman and Hall, London,
pp 104- 106.

Baitis, E., Kocurek, G., Smith, V., Mohrig, D., Ewing, R.C., Peyret, A.P.B., (2014). Definition and
origin of the dune-field pattern at White Sands, New Mexico, Aeolian Research 15, 269-287.
Delgado- Fernandez, I., Davidson- Arnott, R., (2011). Meso-scale aeolian sediment input to coastal

dunes: the nature of aeolian transport events, Geomorphology 126, 217- 232.

Dong, Z.B., Wang, T., Wang, X.M., (2004). Geomorphology of the megadunes in the Badain Jaran
desert, Geomorphology 60, 191- 203.

Fryberger, S.G., Dean, G., (1979). Dune forms and wind regime, U.S. Geological Survey Professional
Paper 1052-F, pp 137- 169.

Fryberger, S.G., Al-Sari, AM., Clisham, TJ., Rizvi, S.R., Al-Hinai, K.G., (1984). Wind
sedimentation in the Jafurah Sand Sea, Saudi Arabia, Sedimentology 31, pp 413- 431.

Gillies, J.A., Lancaster, N., (2013). Large roughness element effects on sand transport, Oceano
Dunes, California. Earth Surf. Process. Landf. 38, 785- 792.

Hereher, M., (2018). Geomorphology and drift potential of major aeolian sand deposits in Egypt,
Geomorphology, Vol 304, pp 113- 120.

Hamdan, M.A., Refaat, A.A., Abdel Wahed, M., (2016). Morphologic characteristics and migration
rate assessment of barchans dunes in the SoutheasternWestern Desert of Egypt,
Geomorphology 257, 57- 74.

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.

Hesp, P., Davidson-Arnott, R., Walker, 1., Ollerhead, J., (2005). Flow dynamics over a foredune at
Prince Edward Island Canada, Geomorphology 65, 71- 84.

Ihab, N.L.M., Verstraeten, G., (2012). Analyzing dune dynamics at the dune-field scale based on
multi-temporal analysis of Landsat-TM images, Remote Sensing of Environment 119, 105- 117.

Kuriyama, Y., Mochizuki, N., Nalashima, T., (2005). Influence of vegetation on Aeolian sand
transport rate from a backshore to a foreshore at Hasaki, Japan, Sedimentology 52, 1123-
1132,

Lancaster, N., Nickling, W.G., Gillies, J.A., (2010). Sand transport by wind on complex surfaces:
field studies in the McMurdo Dry Valleys, Antarctica, J. Geophys. Res. 115, F03027.
http://dx.doi.org/10.1029/2009JF001408.

Latifi, L., (2006). Investigating the progress of sand dunes using satellite images in recent
droughts in the north and east of Sistan plain, Master Thesis, Department of Geography,
Supervisor: Hossein Negaresh, Islamic Azad University, Mashhad Branch.

Liu, L.Y., Skidmore, E., Hasi, E., Wagner, L., Tatarko, J., (2005). Dune sand transport as influenced
by wind directions, speed and frequencies in the Ordos Plateau, China, Geomorphology 67,
283- 297.

Maghsoudi, M., Mohammadi, M., Khanbabaei, Z., Mahb oubi, S., Baharvand, M., Hajizadeh, A.H.,
(2017). Monitoring the movement of erg and Barkhans in the west of Lut (Peshouieh),
Quantitative Geomorphological Research, Fifth Year, Vol 5, No 4, pp 189- 176.

Maghsoudi, M., Navidfar, A., Mohammadi, A., (2017). The sand dunes migration patterns in Mesr
Erg region using satellite imagery analysis and wind data, Natural Environment Change Vol 3,
No 1, Winter & Spring 2017, pp 33- 43.

Pye, K., Tsoar, H., (2009). Aeolian Sand and Sand Dunes, Springer-Verlag, Berlin Heidelberg,
Germany.

Salighe, M., (2003). Attention to the wind in the construction of the physical body of Zabol,
Journal of Geography and Development, Vol 1, No 2, pp 121- 109.


http://dx.doi.org/10.1029/2009JF001408

VeV O 5 Lyl S aabls sl oKyl slaesls 5 (slo,lsabe 2ol Jdow b glawbe slaag Ol puds 0L

Sargzi, H., (2005). Origin and assessment of severity and damage of sand dunes in Niatak Sistan
desert, Master Thesis, Supervisor: Majid Onagh, Gorgan University of Natural Resources, 136 p.

Sherman, D.J., Li, B., (2012). Predicting aeolian sand transport rates: A reevaluation of models,
Aeolian Research, 3 (4), 371- 378.

Sparavigna, A.C., (2013). A study of moving sand dunes by means of satellite images, International
Journal of Sciences, 2.

Tsoar, H., (2005). Sand dunes mobility and stability in relation to climate, Phys. A 357, 50- 56.

Wang, X., Eerdun, H., Zhou, Z., Liu, X., (2007). Significance of variations in the wind energy
environment over the past 50 years with respect to dune activity and desertification in arid
and semiarid northern China, Geomorphology 86, pp 252- 266.

Wiggs, G.F.S., Atherton, R.J., Baird, A.J., (2004). Thresholds of aeolian sand transport: establishing
suitable values, Sedimentology 51, 95- 108.

Yao, Z.Y., Wang, T., Han, ZW., Zhang, W.M., Zhao, A.G., (2007). Migration of sand dunes on the
northern Alxa Plateau, Inner Mongolia, China, J. Arid Environ. 70, pp 80- 93.

Wang, Z.Y., Han, ZW., Zhang, W.M., Zhao, A.G., (2007). Migration of sand dunes on the northern
Alxa Plateau, Inner Mongolia, China, J. Arid Environ. 70, pp 80- 93.

Yurk, B.P., Hansen, E.C., Hazle, D., (2013). A deadtime model for the calibration of impact sensors
with an application to a modified miniphone sensor, Aeolian Res. 11, 43- 54.

Zhang, G.F., Molina, C.A,, Shi, P., Lin, D., Jose A., Feng Kong, G., 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, pp 102- 115.

Zhang, Z., Dong, Z., Li, C., (2015). Wind regime and sand transport in China’s Badain Jaran
Desert, Aeolian Research 17, 1- 13.



AR 50l ¥ oyled VA by Y Jle (asee s p0,00 p 5 Wlae VEA




