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Sand dune migration and wik-blown sediment transport are among the n
significant environmental challenges in arid andhisarid regions. These processes
can lead to land degradation, damage to infrastrectand considerable economic
losses. Therefore, the implementation of effectieehniques to reduce sediment
movement is essential for sustainable land manageniehis dy aimed to
investigate the effectiveness of sediment charinelsducing wind-drjven sediment
transport in the western part of Aliyan villagecdtedysouth han, Iran. To
evaluate the performance of the sedin@ﬁ%h@ iment-trap systems,
including surface and elevated traps, all@reatments with three
replications were established behigdt dimeamcels, while a control treatment

was placed in front of the@% . Wind-blown sestits accumulated in both the
treatment an pl ere collected and omeas over seven months.
tatistical Can es were conducted using thettdaesl Mann-Whitney test to

e sediment accumulation between the two grdugrthermore, the effects of
meteorological variables on sediment-trapping &fficy were assessed using
Random Forest (RF) and Sobol sensitivity analySike results revealed a

_statistically significant difference between the amesediment weights of the
treatment and control plots for both surface amyatked sediment traps at the 95%
confidence level. The t-statistic values rangednfre6.40 to —7.77, while the-z
statistic values ranged from -3.11 to —-3.32. Thésdings indicate that the
construction of sediment channels significantlyueatl the amount of wind-blown
sediment passing through the study area. Sengitaitalysis also showed that
maximum relative humidity, minimum relative humiditand wind speed were the
most influential factors affecting sediment-tragpperformance. Overall, the results
demonstrate that sediment channels have considepalbéntial for controlling sand
dune movement and reducing wind-blown sedimentspart, providing useful
guidance for natural resource management and lamsecvation programs.
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EXTENDED ABSTRACT

INTRODUCTION

Wind erosion and aeolian sediment transport are amongdkeimportant environmental challenges
in arid and semi-arid regions (Kianian, 2013b). Thesegsses accelerate land degradation, reduce
soil productivity, damage infrastructure, and contribtotéhe expansion of desertification (Salehi et
al., 2024; Han et al.,, 2023). In Iran, particularly the central deserts strong winds, limited
vegetation cover, and prolonged dry conditions createréble conditions for the movement of sand
dunes and wind-blown sediments. Consequently, the develdpof effective and economically
feasible methods for controlling sediment movement hasnbe@omajor priority for natural resource
managers and environmental planners (Qeysari et al3).282veral approaches have been used to
mitigate wind erosion, including vegetation establishment, nmgctgravel covers, windbreaks, and
sediment-trapping structures. Among these techniquesnaetichannels have emerged as a simple
and potentially effective solution for reducing sedimemgpart by capturing moving particles and
decreasing wind energy near the ground surface dafazet al., 2025). Despite their practical
application in some desertification-control projects, limiiettl-based research has been conducted to
evaluate their efficiency under natural environmental dondi. Furthermore, the influence of
climatic variables on their performance remains insufiitjeunderstood. Therefore, the present study
aimed to evaluate the effectiveness of sediment chammetsiucing wind-blown sediment transport
in the western part of Aliyan Village, south of Damghaan, and to identify the most influential
meteorological parameters affecting sediment-trappingiefty.

Data and Methodology =

The study was conducted within the Amirabad Desertificati@ontrol Pré‘@%\area, located
approximately 10 km south of Damghan in Semnan Provmrae Th Sty a covers nearly
29,775 hectares and is characterized by an arid cli rosion processes, sparse
vegetation cover, and extensive sand movement. sidered one of the critical wind

erosion hotspots of the province. To control s , a series of sediment channels were

constructed perpendicular to the prevailiga w rectBach channel was excavated with a width

of lmanda depthﬁ%ure@)j

Figure: An examle of a canal and embankment implementedén the study area

The excavated soil was deposited on the upwind siderto a small embankment that enhanced the
sediment-retention capacity of the system. Two typesdiitent traps were designed to assess the
performance of the channels. Surface sediment trapes ingtalled to capture particles moving close
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to the ground surface through creep and saltationegses, while elevated sediment traps were used
to collect suspended sediments transported aba&vsutface. Three replicated treatment plots were
established behind the sediment channels, andteottreatment was installed in front of the system
Sediment sampling was conducted from May to Oct@®24. During the seven-month monitoring
period, sediment deposits were collected and weligifeer wind events. A total of 33 observations
were recorded for each treatment and control cimmditData normality was assessed using the
Kolmogorov—Smirnov test, while Levene’s test wapliagal to evaluate the homogeneity of variances.
Independent-sample t-tests were used for normatyilslited datasets, and the Mann—Whitney U test
was employed for non-normal datasets. Additional®andom Forest (RF) and Sobol sensitivity
analyses were used to investigate the influencdiwfatic variables, including temperature, relative
humidity, precipitation, sunshine duration, evapiora and wind speed, on sediment accumulation.

RESULTS

The results demonstrated that sediment channeigisamtly reduced aeolian sediment transport. For
elevated sediment traps, the mean sediment wenghieatment plots ranged from 0.49 to 0.51 g,
whereas the control plot recorded an average valiu®76 g. Similarly, for surface sediment traps,
mean sediment accumulation varied between 86.1®8arkb g in the treatment plots, compared with
122.61 g in the control plot. These differenceddatd that the sediment channels-effectively reduce
the amount of sediment transported across the stgdy The KoImogorov—Sml% est revealed that
the elevated-trap data followed a normal distrimutiwhile the surfag tr were non-normal.
Accordingly, independent-sample t-tests were peréat for<§ljv§'ged ment traps. The results
showed statistically significant differences betwema%“ u?, ontrol plots at the 95% confidence
level, with t-values ranging from6.40 to.—7.77 and=significance levels below 0.DBese findings
confirm that the channels &gmﬁWu@@@pﬁ&ded sediment transport. For surface sediment
traps, Mann—-Whitney U test icated sigaificdifferences between treatment and control
conditions. The, %%? —vaI s ranged freBrill to —3.32, with significanceVels below 0.01.
Therefore, the ert channels were equally t&ffeén reducing sediment movement near the
ground surface. The consistency of the results fomth sediment-trap systems demonstrates the
overall effectiveness of the constructed chanmelsntrolling aeolian sediment transport. Sensitivi
analyses further revealed the importance of mekegial conditions in determining sediment-
trapping performance. Random Forest results inglicdhat maximum relative humidity and wind
speed during the previous day were the most inflalemariables affecting sediment accumulation,
whereas precipitation and maximum temperature stiowhatively minor effects. Similar patterns
were observed for both surface and elevated seditregn datasets. The Sobol sensitivity analysis
supported these findings and identified maximunatireé humidity as the most influential factor,
followed by minimum relative humidity and wind-spleeariables. The highest first-order and total
sensitivity indices were associated with maximuntatiee humidity, indicating its dominant
contribution to the variability of sediment accuation (Zhang et al., 2025). These results suggest
that atmospheric moisture plays a critical rolecamtrolling particle cohesion and susceptibility to
wind erosion (Mir-Gual et al., 2023). The agreeméetween the Random Forest and Sobol
approaches strengthens the reliability of the seiigianalysis outcomes.

CONCLUSION

The findings of this study demonstrate that sedincbannels are an effective and practical technique
for reducing aeolian sediment transport in aridimments. Significant reductions in sediment
accumulation were observed behind the channelbdtr surface and suspended sediment pathways,
confirming their ability to intercept and retainngi-blown materials. Sensitivity analyses identified
maximum relative humidity, minimum relative humiditand wind speed as the most influential
climatic variables affecting sediment-trapping @éncy. Overall, the results highlight the potelntia
sediment channels as a low-cost and efficient mmlufor wind erosion control, sand-dune
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stabilization, and desertification management. Tgder application can contribute to sustainable
land management and support natural resource a@tiger programs in vulnerable dryland regions.
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