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Extended abstract

Introduction

Soil is one of the most important natural resources of any country, which plays a key role in food security,
self-sufficiency in food production, national economy, and sustainable agriculture. Soil erosion is one of
the most obvious factors of soil loss, and rain erosion is one of the most important forms of erosion.
Therefore, the knowledge of the processes governing soil erosion and sediment transport is very
important in water and soil resources management, as well as, the development of soil erosion models to
achieve sustainable development is of great importance. Previous research has shown that rainfall patterns
are one of the factors influencing rain erosion. Vegetation also reduces soil erosion by protecting the soil
against the effects of raindrops and runoff. Rain erosion is especially important in arid and semi-arid areas
due to the lack of vegetation and low initial soil moisture. This research was conducted, regarding the
effect of rainfall patterns on rain erosion, by investigating the rainfall pattern and vegetation changes over
25 years in Ebrahim Abad and Royan watersheds situated in Semnan City.

Materials and methods

First, the physical characteristics of the watersheds were obtained; using ArcGIS software, and the
precipitation information was extracted from the rain gauge sheets with an accuracy of 10 minutes. To
compare the rainfall for different amounts of precipitation, the dimensionless cumulative rainfall curve of
each event was obtained. The time of each rainfall was divided into 10 parts and the percentage of rainfall
was determined for each part. The rainfall curve was divided into 4 quartiles (1st, 2nd, 3rd, and 4th
quartiles) depending on the occurrence of the maximum precipitation. According to the information on
the sediment layers in check dams located at the outlet of each watershed and the precipitation data, the
storm-related to each sediment layer was determined and the effect of the storm pattern on the sediment
pattern was investigated. To check the similarity of precipitation and sedimentation patterns in check
dams, the average difference in precipitation and sedimentation in each time step and standard deviation
changes were used. Considering the dynamic changes of vegetation compared to other characteristics of
the watershed, remote sensing data were used to investigate the changes in vegetation and its area. Due to
the effective performance and high accuracy of NDVI index and landsat satellite images in dry areas,
Google Earth Engine system was used to estimate vegetation cover, manage and recall the satellite
images. Then, the influence of watershed characteristics such as slope, area, soil type, shape factor, and
vegetation cover on watershed sedimentation was investigated.

Results and discussion

The average similarities in precipitation and sediment pattern in Ebrahim Abad and Royan watersheds
were 48.2 and 46.1%, respectively. Also, the percentage of coarse-grained sediments augments by
increasing the precipitation quarter number, during each storm event, which shows the important role of
the rainfall pattern on the sedimentation pattern in each watershed. The average monthly vegetation cover
(obtained from Landsat images) in Ebrahim Abad and Royan watersheds during the mentioned period
was 5.15 and 4.99%, respectively, which is less estimated than reported by previous research. In this
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research, a threshold limit of 0.1 has been used for the NDVI index, in which very weak vegetation has
been omitted.

Conclusion

In both watersheds, in more than 51% of cases, by increasing vegetation cover in each storm event, the
thickness of the corresponding sediment layer augments, which shows the effect of vegetation cover on
the erosion and sedimentation of the watersheds.

Keywords: Erosion, Landsat, NDVI, Rainfall changes, Small watersheds

Cite this article: Fattah, P., Hosseini, Kh., Hashemi, S.A.A., 2023. Investigation of the effects of
storm pattern and area characteristics on sediment yield of the watershed. Watershed
Engineering and Management 15 (2), 264-280.

© 2023, The Author(s). Published by Soil Conservation and Watershed Management Research
Institute (SCWMRI). This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/).


10.22092/IJWMSE.2022.356798.1931

&

Watershed Engineering and Management Jesul Ca e g cwdige
Volume 15, Issue 2, 2023, Pages 264-280 YA--VEF Slorio A FeY LY o)l 1O al>

DOI:10.22092/1JWMSE.2022.356798.1931

ol 0395 (Bluguw) p diliwe b Fig 9 L5, 55 Ol ST o)

T oile yriolghe s 977 > gy Ml L
Oyl eilioms el ol8ils ¢yl pae pwdipe 0aSaily wol milie S o pwdige ) ulids 187
el esbiams eliams oSS oyl yas wsikiee 00Stils ¢ Selsyonp ol g ol 09,5 Sbiwl T
@ 3 oisel (Dlinko ol (liow il anb ilio 5 55,5l8S (A3900 5 Dl 55 50 (chgly SLobil”
Ol oliows «(55y5la8

VEN ) A il o )b VENFIY s ndy sl
“99"‘”‘."" od.:Sav
doudo

Dl 5psleS 5 (e olatil e plie el jo (alS (i oS Cenl j92S s oaeb @l (e I S0 S
5 el 5] pge oSS 5 L il b 45 cenl S 28, 0m else ok 5 «SB Linl b S e ]
SB g ol mlie meme Cupde die )0 ogmy JUSHy S le ) p oS slasul s 380 cSll 0]
s oigh el Hlo 95 oYL Cawal I S Gole 8 sl o anwgd uisren gl dxwgd 4 o, jslaied
Lis b 5o olS Gl Sl G Gle$ S ,80 Jelse 51 (5L o0 a5 ceulosls plis ety sl
SgmeS b dxgi b (S doyd g S gblie jo 0alS o S ole 8 51 Qlilg,y o o,L olphad 51 Ll s S
6ol 53l @y azgi b Reghy cnl ols oy Sl (SLL Giale 3 (S oSl adsl Cosb; 5 2l s
5 obloenlpl el 039> 99 50 Jlo YO (b (2L (idigy liss 5 i)k ol (o b g SLL Glales® 2 5L

1235 plol Gliews s 22 0bs)

g, g olgo
oMb 5 ol Gt ATCGIS J58la 5 S8 b el sloojsmr (Saimd slo Sy Il imgly ol plosl (sl
A o s oyl Oglate polae bl S b aslie jslateds ol glgesl i ds Ve cds b S0 51 5L
slepld) f Sloy clacsos @l 5 0d e Gloj o8 Ve @ Gl o loj el Cusoay slayg) 52 (e )L
oy Syl plaS 5o AL aeden g5 aScnl 4 ey )L ) ganaies ald asie AL lde oy (Sl
80 Uik Sk e i 4 drg b s [z s 99 Sy S lr 4y e oolidl 3!
ey ok @dly Sye olisS sl 1o gy claaY oMbl 4y dzrgi b i o Sl )T glasSl oS
33 gy SN 2 LS5 o8 3 5 wh et (pgw; 4Y o bge la LS, (AL Dbl 5 adg> o
5 b el o o B 5 Slee bjls Sl emgm; 5 3L GlagsI Calil cw)p ln 8518 )
S She 0 4 Cond (BT idg hg Slpss 4 50 ol olanul o lasbis] Bl il Sl s 5 g,
O,Slos dy azgi b ol ool jeo 31 o sboools 5l ] coluss g LS idigy Olpsd cwy 0 gl ade>
5 Sapde (LS sy 05l sl (St 3blis jo st (slojlgml glai g NDVI ezl ol cds g s

G S5 il )y w85 13 colaiul 550 GOOgle Earth Engine wlolu «slolsale pglas Slg=1 )8

khhoseini@semnan.ac.ir :olsle Jytus ®


10.22092/IJWMSE.2022.356798.1931

VY Y o jlad 0 ul> el Ca ke g osiige | YEY

A axss

FEIV 5 FAIY o sas )by, g oblaualpl slaass> 10 gy g (3L 6o j0 lcwals (nSKle wls olis s
a5 28l Gl LS e (b g ailaeid ;o Slgay weyd ()L Slr ojled Al L izen el 039y 20y
ol Sl Jol) oS by lole file i aadss g, 5T 2 S, 555 e 8 LT
A Conl odel Cowddy wo )0 T4 5 B/V0 oS S jsSde 0,50 b o g, g obleal ] slease> o (Cewadd
ool NDVI (a3l gl + /) ailiw] a5l imgh cnl 50 .l 0ol 091 yieS s slo byl d G

ol 00 I8 0 s Jlws 2LS laidg 5l ] j0 a5 el sals

O, e 50 (alS ibe il L o)lge wo s BY Gl i )0 adg> 90 8 10 a5 05 Lo ()l e Egemme )

WS e ke |,

NDVI Landsat «_jlo 3 «Sas8 cloass> )b i 1 gl goojla

Jelse gy & ol O Kig% Ol 2 oS>
3 golass gl oS wlasls y S il 3 5 jige
odds Hlu deldl jo alndS ams o b iegh el
!

b ool piabos® 2 S5k Nl 55U (o) 2
Solas a5 cwl ool las oL sleans S8
@l sgSl o o S )00 0 )b g
s 9 (Wang et al., 2017) s)ls 0925 SW)L
Ly i3 od8l L Zhenjiangguan  jsul oj9> ,o
o3ls s lidlsn (sloolfiiny! SledL I oslizul
95 PUlyy » S8 Jolo ot (551 &5 e
S 5 Ojge (pl 4 el Adg> 3 O Gl
o, YE UV wilg oo (o)L aVle saoys Ve
.(Zhang et al., 2019) 2o s 1) g, 3

Lopyd S rigilep adlas (pizen
Lalhd mle,d aS cul ool las lull S8
Shd A y9bar el Oglate o] Cdb a4 asg
b L 6 e (9o Sk | 5SS
Sads Ol 5l i (b g dwle (i D13
Kiani-Harchegani et al., ) wgls o gl 3L
tog dihaie 5 o, il L S Ll (2019

doddo

SE s el Jole plprear S ale b
la e S le B 1) gl e 485 Hla5 5o
S 35800 S Jlolge 5 (ol SI (38 G
Phuong et al., ) cwl g,5,0 HLLS o, iy
&S Gl e aw anlp S ) Gmle, (2017
@l,s Ul ol oog 5l S ahd el las el
Lol gbeo,kad i 65, cod oad las
Sl (5,35 3T Al po 5 (b Sy, ly>
(St il alox I Gl S5 43
L gloen jsbar 0508 9 (65l 55l sl
.(Hao et al., 2019) a3l oo 3Ll Jaiwe

PU sl il e 5o Gl Jeily calis
Pl 889 » P i 4 a2 b anad
e g ol Olpss Jdoay canl o &olgs oyl
Puntenney-Desmond et al., ) cusl e [l

o SB Gled anld p jiee Jelse 5l (2020
Ole S 3585 Glie ( SW)L sla SRy Ol
Jsb wile g 5 S sla Sy (b Uy,
4 4>g L (Alavinia et al., 2019) o, sb |, ol

‘5L¢b..\;.1|)é oslls 6‘)% ) Sk uw)l.w)s Q%M



YSA seul 039> (g, abhie sla s o LS, 6o5I Ol )

o pled ly e by, S0 NDVI' asls
23 pl g S gl (alS Abg b (olads e
5 yse ,lpl 5 (Aneseyee et al, 2020) dilais
&S Cowl 2LS jide gamaid o YL cds gl
3)ls LS b Olyoss 4 1) Cowlus o i
3l asde gals (pimen (Abolfathi et al., 2015)
o 4 slozel BB (63955 5 o) by Ll S
aig, a5 (Tadesse et al., 2017) <l S by
e g gl bl samslis o] (sogro
Tob oSl Ol 20 5 ey LS b
Conl 008 g 0l ey ol dlax 5l K0 ggie
35 ook g Lo L g (Mohammadyariet al., 2015)
(Zhang et al., 2019) s,ls sob; Kiwwoar

ke 5l Jels ol ils slagasls
3900 50 @YU L c3s A Cowad glo)lsale
Pordel et al., ) & s Ses sble oL ids
SYsb » ol ;56 5 lse sles 5 (Sl Sy
(Huang et al., 2020) cwl LS o, Jad oo
slp &8 wo,5 5155 Falahatkar et al., (2018)
slojlgale pslas 5l alS idgy Slpds (o)
asii g EVIT SAVIY NDVI clo asls 5 covad
NDVI jazLi ¢ &ilos,S oolatu! 6&5‘ S8 sl
wallas Jlo Yo b Ko asli g0 4 Cons
Gl azls (6 g 0 ,Slas

S amde Glid ead el lategyy 95
S bt n RS Bl 5l b 55
55 3 ooy Sl b ass> sla Shy 5 LS,
Siddoss g Sid oldl o 00l &Bly ol 0je>
ool by jocwl oals sloul e b g
6)516"-.’ Slgaw, gamasls (o)l Sledlbl 51 cBua
25> (9 30 Bly S oS slavs ;o el
St sl SRy 5 25 Gibg Sledbl o
Ll o oolal MP S &5.’ 9 u...m A.Lo.’>

sy 9 ol S b ssul o3> 90 Sl adlllas

" Normalized Difference Vegetation Index
2 Soil Adjusted Vegetation Index
3 Enhanced Vegetation Index

Lyls o Oglate cuds Hloa 0 ol sl Sas
Slhd s (Sl a5 col 1 5 S el
o old SRed g cwl oLl okl a0 g o
Cool S adyl cal gl alize slocus
.(Sadeghian et al., 2020)

sl G BBl g 5l 0k sl
5 Sy Gl el SISy Slail 4 Coms
L .(Dunkerley, 2012) 598 oo cgm, Jl cod,b
“Omie Onden dhex 5l 5L 68 (o)
oals Hlis (6,30 5 (6 l- Sl (Sle «glw
ok s Dl 5 95l oo (5 S 28 00
bt Sl g odezn S Giluyd sl
sl il ganaiws (de Lima et al.,, 2013) el
Gl bl Bua b s g0 5l s b ool F
6ol &S cowl ools s (il S » See laglib
SE 2808 5 DUl sl )k 6 x3b 5 Sle
olayg, OF s .(Mehl et al., 2001) ol (5 i
o W o Jlo aw (b ool slagsIl g Saik
Qo y0 (g e ‘G;L..o (59§J| as ols QL....: e
2 Oty Gl iz WS e obml ) (auge,
(Liuetal., 2020) cewl o0g e (565N cdsg> ol

Akl ol as U Gisle,d 09,00 e
osls Hlid gy epmizmen bl o)L Sl s
0aisS ;S Julge 5l oolS jrde Ol a5 el
Uiy li8l asm din et al., 2021) el iols )3
Zhao ) 335 s gey )b 9 Sy, e alS sl
B AA Wlg oo 2LS ids il (et al., 2019
2l 005 & S |y S Gl ) sy A8
b, b S cé),ue SKle a5 sas s
Co] 0l )J‘).’ VO U s_g.b ‘-Jﬁ.o.v.a LSLDQ‘)L‘ A G
LS sl b able o (Yue et al, 2020)
S Gwle,d o gaelas @lil oL (o RKen s
Zhou et al., ) ol adg> iulu,d 5 ool aslis
.(2016



VFaV OV o el VO ol

el Sapde g guaigs | Y59

Ol 5o s @5 ye 65 5 po o5 5l IS S CdL
5 Fahe V00wl 5k (S0l wds> 9
SF il 4z e WYY &l &l am s (Sile
ol wds b, ;o (Hashemi, 2005) <ol
5 b mle S o)l M S5 5 S
SB Glosw wog 90 il (e 0 bl
G Sl 00,5 Sl IYYY L o S8 (SKen
Slate wlol p anlllas 390 ol sloeje>
L 5 AICGIS 3l Lo 4o baows oldlix
Fo VYO Cds b oglas)l e98, Jow 5 eolaul
gz eads> ) nd slbalddl 5 Wal akis
A Jodr sl Cassay i anlpl 4 b
O USs s byl lbasss 5 baw claxis

DB o olas 1, o }&ui slroje> Cuxdge

—ails SleMbl Ll 5 Syl slass)l Ol s
Dol o S b ol 5l Jel> Slge; son
Jelse 6,105,850 51 (6 e cSlel sl (JLo YO)
5o o pll iy o el odl yige
ol 5 il L oSl S pgas
bosul ojsm wlide )0 9 Sl 00g 2L
o> Galw o fFo sasie slakle 4 4z

] 418,505 Sy S b

L gy 9 dlge
5 Sblaealpl psul sloojom o (iagh ol
ol el ouls ol liows liw oy &8ls Lo,
slocals | «Siead melil b ads g
9w ( SOy ol alox LSS (S5

Ldb(j sasy> g o Slasin - Jgus
Table 1. Characteristics of dams and their watersheds

Name of . - Perimeter Gravillius Average Year of dam
Dam Longitude Latitude (km) coefficient slope (°) construction Area (ha)
EbArsgém 53°38'50.22"  35°44'51.70" 14.02 1.48 12.44 1993 705.06
Royan 53°39'50.26"  35°45'22.12" 15.42 1.87 12.97 1993 531.70
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Fig 1. Geographical location of watersheds, waterway network and topography
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Table 2. Sedimentary horizons of Ebrahim Abad Watershed (Rahgoshay, 2019)
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Table 3. Similarity criteria of precipitation pattern or
sedimentation pattern
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each step of 0-4 4-6 6-8 8-10
precipitation and

sediment (%)

Standard
deviation 0-3.5 0.5-45 2-45 4-85
changes

Cumulative precipitation percentage

SLSHle )0 ey 9 L 6Nl (g
5 Pro sy ool 50 LTl pl adg> 40 (ylusy
sy W Ve @8la barye 3L i 5a) Py
s 50 o5 din o Slz g5 5 (o) hans
Caled gy o8 5o 5 okl calid ()L
P1o 5P Ps Ps Py Py Py Py cla byl ls oS
Po s P P1 glail aiies o5 Sl o 5l
595 gy 9 %k 6ol S ok e el
@l yo 255 calid Py 5 Pa sl i)l )l
2l ogwy o8l e (oS calid g AL
Sy b sl o sell P9 Ps sl bl

Cumulative rainfall of the first quarter
120 ~

100
80 ~
60 A
40 ~

20 ~

0
12345678910

Time steps of precipitation

Sbleelpl ag> 50 TL blie slacgw, 5 Gl Sl g55 5l sl il oS -Y Sl
Fig 2. The pattern of rainfall of the same quarter type and the corresponding sediments in Ebrahim Abad Watershed
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Fig 4. The pattern of precipitations of the same quarter type and the corresponding sediments in the Royan Watershed
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