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Figure (2): (a) Sand sampler and (b) installed anemometers at different heights on a 7 m tower
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Figure (3): Variation of wind speed within and downwind of the windbreak in the three wind speeds
(the area of the windbreak is indicated by dash lines)
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Figure (3): Variation of sediment within and downwind of the windbreak in the three dust storm events (the area of the windbreak is
indicated by dash lines)
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Figure (3): Variation of standard deviation in the three locations at different heights (the area of the windbreak is indicated by dash lines)
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Table (2): Percentage of wind speed reduction at different heights in various wind speeds
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Table (2): Percentage of sediment reduction at different heights in the three dust storm events

oSl U1 s 53 6 e el 3l e Slelis)

Vercm oV+ cm £0+ cm Y1+ cm Yercm A+ cm Y+ cm Gol3 pt ges LG FINC
% oA A0 ¢ ¢ " 04 S Yo \ oslas,
01 13 gt £ £ YA 1% e £EA
LA Y4 Y 04 A AN \Al S Yo Yol
A A 094 \n! A3 £ AR S EEA
£y Yo \as 00 ov Ve 9 S Yo Yoslas
A\ Ve Yo Y Y Yo \a e LEA

(YT L Kl VAAY (55) 558 eslizul
SlaS adllas sy ALS idp a8 b OLE Rk
Lol Sl 5ok G el st S5 58 Ol
Olads diben 5 osls talS glabo>Me LB i 4
o=t as e ol Gl 3 IS s OalS 8 ansdS
5 G YoV 0L 50 Y Y 5 US) US .
FYSERCIVYA LIS N o ¢ FAL PR FRRAIJCON
Slel )l psled 5s Sl oo g (ol Slguy V00 51 i
LSM)L;AQ@O&}QJQCL}J)‘ﬂ‘ﬂ)JUWjCE.AJ\
O 053 Oy el sy U LK 51 sl
AU W5 e ALS by Sl aS15 S ol it

1. Namikas
2. Leenders
3. Van de Van

S S domt 5 Lo
90l 6Lau_<_.~>\;]§u P 55 Slidss a S|
uﬁQJHébbﬁuﬁjbbwﬂﬁebjﬂP
Yoo gg’)bl_i.».ﬁ))j Yoo ‘J‘)JJLAEY..Q cwu)
Lol (Y14 0l LKan 5 Ko Y)Y m;\)'m.(}}l.gd&lé
ﬂws)kixjﬁsﬁgﬁ“};tw)ﬂ@yl}érbd
il glace o bglasl 5o (gob Dlguy 5 8L e
3oL S Dl ) l—fJ[—r&‘JJ; slaob b
2 5 e OF s 5 ol astls y Sssl Cows ol
R e Lt oslanal oliy la Kisly ~1 b
Ll o o ol s i Sleli )l s (ool Slsum
o b s sl b sladie ezl (oL

Ol J =8 sl bas 5 @3l Sralo b bl oo gmsy JUS



vaa uLu.we) e G rmany e)Lo.Jb s J'.w ‘gbl» ng' (WM 6“““5)’@1‘ alxo A\ d

U sl s a8 L3 S sdalin S idsy o
LS Ly s Ol gLl i V0 55 o)
Sl 4Bl

Sl 03 Dlsy 5ol Co e d bl LB alS
S aaldl Msan (5 e X= YO ALl 5o 5 Sl
el oS3l (830 Ol e Doy ST 4y 5 Ol
A b ey LS 3 Dlse 0l sl L1581
Bl s Ol s 51 g iy slaas (s Sl 355 0
3G YT OS5 5 kS) AS o Jes sl il 5
alS (6 i Jldie a3l G S 5 (Y O
Ly Sl lgml 5o Dby sl e 5 4l
sl e als 4 Ol

a8l VU 5l SOl e Ol s W,
Sb e Ol is Kg) b e S8k sl 5 s
3 Sl 3 S S L Glate &S () sbay tod
2 Ok (55 AT s b Sl Sl Jls s
oals sl S (VA NS 5 idgs) 19s 0L
s s ol Con JalS Eelings ol S auly
A 580) 3 5d o0 3 Jlisl Slew] Co e 53 4 S >
Il Bl 55 0 Slguy o 28 S 5 (1448
3035 s dalsl 5 IS 4y 536 Dlgeny Sl 0L e
03 3 Sl ol 53 IS e ey SRESL s
3 Sy p O3 15 U S5m SKasly I slalols
Sl 5l a8 Dl Sl (golde ST (55 sba 6355 0 les]
oy pams Al 55 5 Sl sl 52 el 2l
0 Sl als 5 (Y0V) 0L 5 (5 e S oo
Gl L O s 255 ALS Sl iy sl
2 Dl palde 50l s a1 B0 Sl Ll S
S S slde cpl s oo OLES (130 (SCasl Szl
ol b e gl e g Sl sl s Lol Al s
3l Sl 4o Kask Gl oS das e 0L Dlalia
YV) OLSan 5 6 e ol 3L o 4 OF ey diilen

35l S Sl elie s 5 (Y4

7. Wolfe and Nickling
8. Bagnold

A SIS L alS ids s ool Sl b gl 00
L alS i S s 5 08AY) JS 5 ban g (g3
Sl 08OV g5 a5 ol oyl b 5 (g3 £ (ST 5
el 0

5l e LS B b ste 55 K 20k s e 4 S
Wl by B e ge Sl Gl e ) 5e glasla
led 5o 1 ol Slgas 5ok e Bl 6 Sisl
Sl oUls ol dias 2alS ks Olpe 4 Laslas
G 0313 OLES Sliid gl ol Knls el Lo,
e S S 25 ) sy gla Sl 4
Sl o e LS s s, SO gl SdaL
LS 5 3,0id 100 0T o S 5 s sS) Al 5
(T OS5 K V010 Ol Saa 5 55 €Yo rV
Sl a5, s S50 (7)) Sl J=lss
530 G 2alS s 1, 01 Gllg oS ol OF okl
S ol oly Ol Slades ool sl Aol 581 (6oL Db s
53 0Lty i 316 Y s U (sla e Sask
(YooY 0L fg) Lol ool b Jals

350 Oleld )l olad o Olgwy 5 3L Ce s JalS
(& 57 J52) oSl gl ul 55 6 oy e Sl s
L Lol omal (Y919) 0 Kan 5 (5w Sltaline b ot
@3l Slgay 53k ey ALS S5 55 S s
A5 S odalie ol il glace w3 sl s oSaws 3
30 Dleld ) slad 55 (o3l Dl 5 5L Co e S
BLALS Ll ol 5 ) e U e sl 5 0L s
2l ol 9oL co w JalS ol il Al
S=ask gLl il s 0sds LB sl YL
Gosban (Yo 0LEnd) ol (Sl g5 b e
Sl s s ys sl o il oMl OalS &
RSN N S -
(Yo o) e 510 (YA 5 YWY OLSer 5 (6 me)

1. Buckley

2. Armbrust and Bilbro
3. Cornelis and Gabriels
4. Lee

5. Finnigan

6. Yang



Yy

G2 il b ;S50 8 abls 55 o gata (b Gl B
Sl ol o3 eslinad (Aol ss S sladlish 5 L
adlaie Lol i U 0350 58 5a Jsas adbie o g OlaLS
» st S) cidizes glaas S DLkl 5 3 5 el
L 0,8 L3 bl o ol Jiale b 55l s 2alS

sl 1 Oledily g mig a8 33 S eslinad laa S 5

_
Sl Sl

=81 Bl s sl b bl oKl Jlo cole b G
125 8 ol UOZ-GR 4T1A

. Alizadeh, A., 2006. Weather and continent (9th Ed.)
Mashhad: Ferdousi Mashhad Universty Pub.

. Armbrust, D.V. and Bilbro Jr., J.D., 1997. Relating
plant canopy characteristics to soil
transport capacity by wind. Agronomy Journal, 89 (2):
1.

. Bagnold, R.A., 1941. The physics of wind blown sand
and desert dunes. Methuen, London, 265.

. Boroughani, M., Pourhashemi, S. and Zarei, M., 2019.
Identification of Dust Source Areas and its
Characteristics in Eastern Iran. Desert Ecosystem
Engineer, 25: 39-52 (in Farsi).

. Brandle, J.R., Hodges L. and Zhou, X.H. 2004.
Windbreaks in North American agricultural systems.
Agroforestry System, 61: 65-78.

. Breshears, D.D., Whicker, J.J., Zou, C.B., Field, J.P.
and Allen, C.D., 2009. A conceptual framework for
dryland aeolian sediment transport along the
grassland—forest continuum effects of woody plant
canopy cover and disturbance. Geomorphology,
105(1): 28-38.

. Buckley, R., 1987. The effect of sparse vegetation on
the transport of dune sand by wind Nature 325 (6103):
426-428.

. Burri, K., Gromke, C., Lehning, M. and Graf, F., 2011.
Aeolian sediment transport over vegetation canopies:
A wind tunnel study with live plants. Aeolian
Research. 3: 205-213.

. Cheng, H., He, W, Liu, C., Zou, X., Kang, L., Chen,
T. and Zhang, K., 2019. Transition model for airflow
fields from single plants to multiple plants. Agriculture
and Forest Meteorology, 266: 29-42.

10. Cleugh, H., 1998. Effects of windbreaks on airflow,

microclimates and crop yields. Agroforestry System,

41(1): 55-84.

Cornelis, W. and Gabriels, D., 2005. Optimal

windbreak design for wind-erosion control. Journal of

Arid Environment, 61(2): 315-332.

Dong, Z., Gao, S. and Fryrear, D.W., 2001. Drag

coefficients, roughness length and zero-plane

displacement height as disturbed by artificial standing

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

g A8y 35 (Kol bawgd g0k Gligw ) 9 Ob Cee pw JWBL (430 (o) g2

S B gy 2550 (AS Lo i 53 3L Sl
Aler (5L Dby 4 OLS fruly &8 23 5 0Ly 5 Bl
Sl 3L S Cwb
L lapSiol e A8 G opl glaasily S 5ba,
SlagSial sls 0L (sl Gl g sk e s LS 5o
5oL e bS53 Sie sban A5 e s ke
shdd b Gl S5 e bl s ook il
Al oo b Skl g el 1 5Lé 55 8 (sla0l b
cadite Cls L glagbsh 5ol caits slbacs w5
gty S slal ool e b SRalS s (g S5 (i

jskﬁc,&ﬂuuljé\ﬁ@;)xgdu&(islfj\ Epvop

@L.a

vegetation. Journal of Arid Environment, 49 (3): 485-505.

Dong, Z., Liu, X., Wang, X., 2002. Aerodynamic roughness
of gravel surfaces. Geomorphology, 43 (1), 17-31.

Dong, Z., Lv, P., Zhang, Z., Qian, G., Luo, W., 2012.
Aeolian transport in the field: a comparison of the effects
of different surface treatments. Journal of Geophysical
Research, Atmosphere. 117 (9), 1984-2012.

Ebrahimi Khosfi, Z., 2019. Analysis of the effect of wind

speed and soil moisture on horizontal visibility variations

caused by dust event in arid regions (Study region:

southeast of Iran). Desert Ecosystem Engineer, 16: 49-58
(in Farsi).

Ekhtesasi, MR., Saremi Naeini, M.A., Jaganbakhshi, F. and
Mirnejad, O., 2017. Introduction and Comparison of

adsorption and maintenance effect of sediment trap by

erosion model of Siphoni Model Ill. Fourth national
conferene of wind erosion and dust storms. Yazd. Iran. (in
Farsi).

Fang, H., Wu, X., Zou, X. and Yang, X., 2018. An
integrated simulation-assessment study for optimizing wind
barrier design. Agriculture and Forest Meteorology. 263:
198-206.

Finnigan, J., 2000. Turbulence in plant canopies. Annual
review of fluid mechanics, 32: 519-571.

Gao, H., 2010. Study on the windbreak and barrier sand
effect of the low profile afforestation. Doctoral dissertation.
Beijing Forestry University.

Ghaeminia, A.M. and Hakimzadeh, M.A., 2017.
Investigation of abiotic windbreak porosity patterns on
change of air flow. Desert Ecosystem Engineer. 16: 49-58
(in Farsi).

Ghasemi, A., Shahriari, AR., Fakhireh, A., Jafari, M. and
Haderbadi, G., 2009. Effect of pattern and density of live
windbreak on the wind speed in the Hussein Abad plain,
Sarbisheh. Watershed Management Researches Journal
(Pajouhesh & Sazandegi) 89: 16-26 (in Farsi).

Gillies, J.A., 2002. Drag coefficient and plant form
response to wind speed in three plant species: burning Bush
(Euonymus alatus), Colorado Blue Spruce (Picea
pungensglauca) and Fountain  Grass (Pennisetum
setaceum). Journal of Geophysical Research, 107 (D24).



VAR (Lo ) e 9o 0 3louds artd Jluw ¢y bl s aST  cwvdign  ciudg s code alxo
23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Goudie, A. and Middleton, N., 2001. Saharan dust
storms: nature and consequences. Earth-Science
Reviews, 56: 179-204.

Goudie, A.S., 2014. Desert dust and human health
disorders. Environment international, 63: 101-113.
Hagen, L.J. and Casada, M.E., 2013. Effect of canopy
leaf distribution on sand transport and abrasion
energy. Aeolian Research. 10: 37-42.

Hesp, P.A., Yuxiang Dong, Hong Cheng and Booth,
J.L., 2019. Wind flow and sedimentation in artificial
vegetation: Field and wind tunnel experiments.
Geomorphology, 337: 165-182.

Hong, C., Chenchen, L., Xueyong, Z., Huiru, L.,
Ligiang, K., Bo, L. and Jifeng, L., 2020. Wind
erosion rate for vegetated soil cover: A prediction
model based on surface shear
strength. CATENA, 187: 104398.

Kudera, J., Podhrazska, J., Karasek, P. and Papaj, V.,
2020. The Effect of Windbreak Parameters on the
Wind Erosion Risk Assessment in Agricultural
Landscape. Journal of Ecological Engineering, 21(2):
150-156.

Lee, S.-J., Park, K.-C. and Park, C.-W., 2002. Wind
tunnel observations about the shelter effect of porous
fences on the sand particle movements. Atmospheric
Environment. 36:1453-1463.

Leenders, J.K., Boxel, J.H.v. and Sterk, G., 2007. The
effect of single vegetation elements on wind speed
and sediment transport in the Sahelian zone of
Burkina Faso. Earth Surfaces Process and Landforms,
32(10): 1454-1474.

Li, B. and Sherman, D.J., 2015. Aerodynamics and
morphodynamics of sand fences: A review. Aeolian
Research, 17: 33-48.

Middleton, N.J., 2017. Desert dust hazards: a global
review. Aeolian Research. 24, 53-63.

Miri, A., Ahmadi, H., Ekhtesasi, M.R., Panjehkeh,
N., and Ghanbari, A., 2009. Environmental and
socio-economic impacts of dust storms in Sistan
region, Iran. International Journal of Environmental
Studies. 66: 343-55.

Miri, A., Dragovich, D. and Dong, Z. 2017.
Vegetation morphologic and aerodynamic
characteristics reduce aeolian erosion. Scientific
Reports. 7(2): 12831

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

YA

https://doi.org/12810.11038/s41598-12017-13084-x.

Miri, A., Dragovich, D. and Dong, Z., 2019. Wind-borne
sand mass flux in vegetated surfaces-Wind tunnel
experiments with live plants. Catena, 172: 421-434.
Musick, H. and Gillette, D., 1990. Field evaluation of
relationships between a vegetation structural parameter and
sheltering against wind erosion. Land Degradation and
Development. 2 (2): 87-94.

Namikas, S.L., 2003. Field measurement and numerical
modelling of aeolian mass flux distributions on a sandy
beach. Sedimentology, 50: 303-326.

Rashki, A., Kaskaoutis, D.G., Rautenbach, C.D., Eriksson,
P.G., Qiang, M. and Gupta, P., 2012. Dust storms and their
horizontal dust loading in the Sistan region, Iran. Aeolian
Research, 5: 51-62.

Rezaei, A. and Mirmohammadi Meiboudi, A.M., 2005
Statistics and Probability (application in agriculture) (first
ed.). Isfahan: Jihad-e- Daneshgahi of Isfahan University of
Technology (In Farsi).

Shahsavani, A., Naddafi, K., Haghighifard, N.J,
Mesdaghinia, A., Yunesian, M., Nabizadeh, R., Arahami,
M., Sowlat, M.H., Yarahmadi, M., Saki, H. and
Alimohamadi, M., 2012. The evaluation of PM10, PM2. 5,
and PM1 concentrations during the Middle Eastern Dust
(MED) events in Ahvaz, Iran, from april through september
2010. Journal of arid environments, 77: 72-83.

Torshizi, M.R., Miri, A. and Davidson-Arnott, R., 2020.
Sheltering effect of a multiple-row Tamarix windbreak—a
field study in Niatak, Iran. Agriculture Forest Meteorology,
287: 107937.

Van de Ven, T., Fryrear, D. and Spaan, W., 1989.
Vegetation characteristics and soil loss by wind. Journal of
Soil and Water Conservation, 44: 347-349.

Wolfe, S.A. and Nickling, W.G., 1993. The protective role
of sparse vegetation in wind erosion. Progess Physical
Geogrsphy, 17(1): 50-68.

Wu, X., Zou, X., Zhou, N., Zhang, C. and Shi, S., 2015.
2015. Deceleration efficiencies of shrub windbreaks in a
wind tunnel. Aeolian Res. 16, 11-23.

Wu, Z., 1987. Aeolian geomorphology. Beijing: Science
Press. (in Chinese).

Yang, H., Lu, Q., Wu, B., Zhang, J. and Lin, Y., 2006.
Vegetation diversity and its application in sandy desert
revegetation on Tibetan Plateau. Journal of arid
environments, 65(4); 619-631.29.


https://doi.org/12810.11038/s41598-12017-

YA a0 Aoy 35 SOl gy (60L Wligw g 0k ey S e (w1

Investigating Wind Speed Reduction Rate and Aeolian Erosion via Multi-Row
Windbreak in Three Dust Storm Events

Mohsen Rezaei Torshizi!, Abbas Miri**

Received: 09/04/2020 Accepted: 11/06/2020

Extended abstracts
Introduction: Wind erosion results from desertification in arid and semi-arid regions and is intensified by any

decrease in rainfall and vegetation. Sistan region, located in southeastern Iran, has been exposed to severe wind
erosion and dust storms for about 23 years as a result of frequent and prolonged drought in the region and
desiccation of Hamoun lakes. Therefore, finding appropriate methods for reducing wind erosion and controlling
dust storms is essential. Using local vegetation is the most efficient method in this regard. This study
investigated the reduction rate of wind speed and aeolian sediments within a fourteen-row windbreak in Niatak.

Material and Methods: The study windbreak is located in Niatak area in eastern Sistan region. Being located in
a dusty corridor, the region is always exposed to severe dust storms. Therefore, to reduce wind erosion and
control sediment movement, the area has been re-vegetated. The windbreak is actually one of those revegetated
areas. Having been located perpendicular to the prevailing wind direction, it consists of 14 rows of Tamarix tress
with a distance of 21-32 m between the row and 1.5 m between each tree on the row. The windbreak’s mean
height and porosity were obtained as 4 m and 39% respectively. Moreover, wind speed and aeolian sediments
were measured at seven heights and three points, namely upwind (x = -100), within (X = 256), and downwind (x
= 448) of the windbreak. Wind speed was monitored during three wind speeds of 14, 16 and 19 m/s and aeolian
sediments was assessed throughout three dust storms. Seven anemometers were mounted at the heights of 20, 35,
80, 200, 360, 450, 570, and 700 cm, and seven sediment samples were installed at the heights of 20, 35, 80, 140,
300, 550, 570, and 700 cm. The sand samplers were installed before each event and were collected after the
event. They were, then, emptied into labelled plastic bags, taken to the laboratory, and weighed with an
electronic balance with a precision of 0.001 g. Standard deviations were measured for aeolian sediments at each
point and height.

Results: The study’s findings indicated that wind speed and aeolian sediment were decreased within the
windbreak, and that the reduction rates were the same in all wind speeds and dust storm events. This reduction
was roughly 30% for wind speed and more than 50% for aeolian sediment at all heights from the ground surface
(0.2 m) to about two times the windbreak' height (7 m). Moreover, the rate of aeolian sediment was higher at
downwind (x = 448) than within (x = 256) the windbreak, but less than the rate for the upwind of the windbreak
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(x = -100). It was also found that the horizontal pattern of aeolian sediment changed from upwind to within and
downwind of the windbreak in according to the wind speed variations in all events. Similar to wind speed, a
significant breaking was observed in the aeolian sediment patterns, indicating that the windbreak considerably
affected wind speed and aeolian sediment in all heights, even in heights higher than its own one. The aeolian
sediment’ standard deviation within the windbreak was reported as being less than its value downwind and
upwind of the windbreak. Moreover, the standard deviation values at different heights close within the
windbreak were found to be close to each other and far from each one upwind of the windbreak. These findings
suggested that the deviations of the aeolian sediment values were less within the windbreak than its upwind.

Discussion and Conclusions: This study investigated the effect of a multi-row windbreak on wind speed and
aeolian sediment in three dust storm events and three wind speeds. The study’s findings could be used for
designing windbreaks. Moreover, the results of wind speed and aeolian sediment distribution at different heights
are applicable to validating wind erosion models, assessing wind erosion and its control. The study’s findings
indicated the critical role of vegetation in reducing wind speed, aeolian sediment, and aeolian erosion. It was also
found that windbreak reduced wind speed and aeolian sediment in all dust storms and wind speeds, suggesting
effectiveness of the windbreak which results from its multi-row structure. Generally, the study’s findings showed
that windbreak was able to reduce wind speed and aeolian erosion in various dust storms and different wind
speeds. Therefore, it could be argued that multi-row windbreaks are applicable for other regions of Iran that are
engaged with severe wind erosion and dust storms.

Keywords: Windbreak, Wind Erosion, Sediment Flux, Wind Speed, Niatak Sistan.



